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BOILERS 


/ WHETHER a building be large or small... 
whether it is to be heated with coal, (hand or 
stoker fired) oil or gas. . . there is a Kewanee 
Steel Boiler just right for the job. 









peed ... and back of each Kewanee is sixty-six 






years experience in building of heating units 






. an experience which has resulted in many 






features which insure longer life and lower 


fuel bills. 


KEWANEE Stee! THE EFFICIENCY OF ANY HEATING PLANT DEPENDS 
rag wo sage PRIMARILY ON THE BOILER. Actually the boiler is 


buildings. the ‘heart’ of every heating system. And the system 
can't be efficient unless the boiler is RIGHT. 














Ask for complete information 







about any or all Kewanee Boilers. 





KEWANEE Square “R” 
jacketed units for heating homes and 
smaller buildings. 


=. 
" es EWANE oer... 
KEWANEE BOILER CORPORATION [ipaaneananns ~ ng hg DAR 
restricted efficiency shown, or in Square or Regal 


KEWANEE ILLINOIS Jackets to completely enclose 
the burner with the boiler. 
Eastern’ District Office: 37 W. 39th Street, 


New York City. 


(Branches in Sixty-one Principal Cities ) Our Products May Be Financed on 
division of American Radiator and Standard Sanitary Corporation. the Kewanee Time Payment Plan 




















tioning, ventilating and heating industry, with the Fourth 
International Heating and Ventilating Exposition, the annual 
meeting of the American Society of Heating and Ventilating 
Engineers, and the annual convention of the National Warm Air 
Heating and Air Conditioning Association all in Chicago at 
that time, at the International Amphitheatre, the Palmer House 
hotel, and the Stevens hotel, respectively....Complete informa- 
tion about “The Big Week” is given in the tinted stock “Show 
Section” in this issue, including programs for the meetings, a 
list of exhibitors and their exhibits, high-lights of the meetings, 
the exposition and the social activities, as well as a map of the 
city and a diagram of the exhibit halls.... HEATING, PrPING AND 
Am CONDITIONING will be glad to furnish any further informa- 
tion at its booths at the exposition (Nos. 322-324) or at its 
offices in the Tower building, 6 North Michigan, Ave., phone 
State 6916. 


27 to 31 is “The Big Week” for the air condi- 


Featured this month is the directory section of heating, piping 
and air conditioning equipment for industry and large buildings, 
Part 1 being a complete classification of products, Part 2 an 
alphabetical listing of trade names, showing the product and 
the manufacturer, and Part 3 the street addresses of manufac- 
turers....Aimed to provide an up-to-date reference working 
tool for use throughout the year, this information has been care- 
fully compiled for convenient use....As new equipment is an- 
nounced during the year, it will be described in the columns 
devoted to “Equipment Developments” in coming issues, may 
be added to your directory section. 


Two names new to our Board of Consulting and Contribut- 
ing Editors but not to H. P. & A. C. readers appear on our 
Contents Page this month—L. A. Harding and F. L. Snyder.... 
Mr. Harding—head of the L. A. Harding Construction Corp., 
past president of the 4. S. H. V. E., co-author of Harding 
and Willard’s “Heating, Ventilating, and Air Conditioning,” 
author of “Steam Power Plant Engineering” and the “Heating 
and Air Conditioning Manual”—will be remembered as the 
author of an outstanding series on air conditioning published 
in H. P. & A. C. last year....No less important have been Mr. 
Snyder’s contributions on the design of modern industrial pip- 
ing which also were published during 1935, the first article of 
which appeared just a year ago in our January, 1935, number. 
= -Mr. Snyder expects to complete another article on this sub- 
ject for early publication. 


L. S. Morse, executive engineer of the York Ice Machinery 
Corp., was elected president of the American Society of Re- 
frigerating Engineers at the annual convention in New York 
City last month....He became a member of the A. S. R. E. 
in 1909, is also a member of the 4. S. M. E., and has served on 
many technical air conditioning and refrigeration committees. 
sae As evidence of the fact that the term “air conditioning” is 
hot as mew as the general public appears to believe, the Air 
Conditioning Manufacturers’ Association cites Stuart W. Cra- 
mer’s (Parks-Cramer Co.) book on useful information for 
cotton manufacturers published in 1904 in which air condition- 
ing is referred to at length. 


THE EDITOR’S PAGE 


57 


Nineteen hundred and thirty-six is to be a year of golden 
anniversaries....Westinghouse opened the celebration of its 
“jubilee year” on January 8 with meetings of employes here 
and abroad commemorating the granting of the charter to the 
Westinghouse Electric Co. fifty years ago....The Fitzgibbons 
Boiler Co. is celebrating the completion of an unbroken half- 
century in the manufacture and development of steel boilers 
exclusively; the company was founded in Oswego, N. Y., in 
1886 by Patrick Fitzgibbons, was acquired by Homer Addams 
in 1921....Not its 50th, but its 70th anniversary, is to be cele- 
brated in March by Lafayette College at Easton, Pa....The 
ceremonies will include conferences and addresses by leaders in 
engineering. 


Graphical symbols to be used in drawings showing piping, 
pipe fittings and valves, heating and ventilating equipment, heat- 
power apparatus, plumbing and conventional rivetshave been 
agreed upon by a representative committee under the leadership 
of the American Society of Mechanical Engineers and the 
Society for the Promotion of Engineering Education, and have 
been approved by the American Standards Association, 29 W. 
39th St., New York City....As a result of a series of confer- 
ences between representatives of various coal and stoker organi- 
zations with members of the standardization committee of the 
Steel Heating Boiler Institute, standard specifications covering 
the design, construction and installation of horizontal steel fire- 
box heating boilers, insofar as furnace volume is concerned for 
mechanically fired fuels, have been revised to eliminate any 
differences as to requirements for oil, gas and stoker fired bitu- 
minous coal....The final action came when executives of mem- 
ber companies of the Stoker Manufacturers Association ap- 
proved the recommendation of its engineering committee that 
boiler and stoker setting heights standards adopted and in use 
by the stoker industry be revised so as to increase heat release 
requirements approximately 11 per cent in order to place bitu- 


Air Hygiene Foundation’ of America, Inc., Pittsburgh, has been 
formed to conduct investigations of and to stimulate research 
on problems in the field of air hygiene and to gather and dis- 
seminate information relating thereto, and a comprehensive 
investigation has been begun at Mellon Institute of Industrial 
Research under the direction of H. B. Meller....Exacting de- 
mands by the users of paper and pulp products for materials 
properly conditioned for use in printing or processing presage 
far reaching construction activity in these industries in 1936, 
according to George A. Bryant, Jr., of The Austin Co....The 
past year has witnessed the application of air conditioning in a 
number of new warehouses for the storage of paper, and com- 
petition for business is bound to result in the extension of air 
conditioning among other producers of carefully graded stock, 
according to Mr. Bryant....The Hershey Chocolate Corp., 
Hershey, Pa., held an “open house” last month to permit public 
inspection of its new windowless air conditioned, practically in- 
directly lighted office building. Controlled temperature and hu- 
midity and modern lighting make the building independent of 
outside weather conditions....The roof is unique in that it is a 
dead level concrete deck where at all times there will be about 
2% in. of water intended to act to some extent as an insulator. 





a 









Heating - Piping 
38 «Air Conditioning January, 


TONCAN 


IRON DUCTS 
used to combat corrosion from sulphurous 


locomot 1Vve S$ moke — That coal smoke from locomotives plays havoc with 


ordinary ferrous metal was demonstrated by the fail- 
ure of the smoke exhaust system in the roundhouse 
of this well-known eastern railroad. 

Today, however, the corrosive properties of the 
smoke have lost much of their hold upon the system, 
for the five exhaust stacks and the telescopic pipes 
which carry the smoke from the locomotive stacks to 
the gathering ducts are Toncan Iron. The gathering 
ducts also are lined with sheets of this alloy of re- 
fined open hearth iron, copper and molybdenum 
which offers the highest rust-resistance of any ferrous 
material in its price class. 

If rust and corrosion are causing early failure in 
the sheet metal or piping systems in your plant, here’s 
how to save money in the long run—replace worn out 
parts with Toncan Iron and specify Toncan Iron for 
all new installation work. Write for literature. 


Republic Steel 


CORPORATION 


GENERAL OFFICES::::-> CLEVELAND, OHIO 


1936 
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A RETURN LINE VACUUM PUMP 
THAT CUTS HEATING COST. 


This unusual pump needs no electric current, 
cutting out greatest item of pump operating 
expense. 

More important, this pump insures absolutely 
uniform circulation in system. That means con- 
tinuous steam economy. 


Simple, compact, one moving element, no 
wearing parts, no internal lubrication. Bulletin 
No. 203 gives the facts. Your copy is waiting. 


THE NASH ENGINEERING COMPANY 
SOUTH NORWALK, CONNECTICUT, U. S. A. 
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AIR CONDITIONING REVIEW 


_ ~ 
1934 was a “good air conditioning year”......1935 was even better, with an in- 


dicated 23 per cent increase over 1934 in number of installations, a 37 per 











cent increase in connected horsepower......1936 is expected to be “the best yet” 
~ va 





ing some 40 cities in various parts of the United several very large jobs were installed in government 


B ASED upon data collected from the utilities serv- twelve months of 1934, one of which is Washington where 
States, and summarized in Table 1, there were buildings during 1934, Chicago, and New York. Both 


2059 air conditioning installations made during the first number of installations and connected horsepower for 
eleven months of last year as compared with 1675 in- eleven months of 1935 were slightly under the figures 
stallations for the entire twelve months of 1934. The for the entire twelve months of 1934 for New York. 

connected horsepower for the 1935 jobs totals 63,585 as Average size of the 1935 air conditioning installations 


compared with 46,370 for the 1934 installations. Thus, — was greater than that of the 1934 jobs in twenty-eight of 
the percentage increase in number of installations for the thirty-two cities for which the data are available, the 
eleven months of 1935 over twelve months of 1934 was 1935 installations in Washington, D. C., Chicago, New 
23 per cent, while the comparable increase in connected § York City, and Rochester, N. Y., decreasing in average 


horsepower was 37 per cent, indicating that the jobs in- _ size as compared with the 1934 installations. The large 
stalled last year were larger than those put in during government jobs during 1934 raised the average size of 
1934. the Washington installations for that year, and the de- 

A comparison of these figures with the total installa- | crease in average size for Rochester is probably explained 


tions to December 1, 1935 (including the first eleven by large industrial installations prior to 1935. Average 
months of ’35, twelve months of ’34, and all installations size of installations is apparently increasing in all but the 
previous to 1934) demonstrates the rapid growth in the largest cities. In the largest cities, where air condition- 
application of air conditioning. On December 1, 1935, ing has been most widely adopted, its advantages are quite 








there were some 5573 jobs in service in these cities, rep- naturally becoming more widely appreciated. 
resenting a total connected horsepower of 285,195. Thus, It is interesting to analyze the number of installations 
over one-third of the installations now in service were | and connected horsepower for air conditioning by vari- 
made just last year, and about two-thirds of the installa- | ous types of buildings—industrial, commercial and pub- 
tions now in service are less than two years old. lic, and residential. The following tabulation shows the 
In only three out of thirty-two cities for which in- totals for ten cities' for which figures are available: 
INDUSTRIAL COMMERCIAL AND PUBLIC RESIDENTIAL 
1935 TOTAL, DEC. 1, ’85 1935 TOTAL, DEC. 1, ’85 1935 TOTAL, DEC. 1, ’85 
No. Hp No. Hp No. Hp No. Hp No. Hp No. Hp 
62 3323 264 39,585 685 20,618 1883 103,092 182 346 495 1080 
formation has been tabulated were there fewer installa- As would be expected, the commercial installations are 


tions during the first eleven months of 1935 than during greatest in number ; although the residential installations 
the twelve months of ’34, and in two of these cities the are more numerous than the industrial jobs, they repre- 
1935 horsepower was larger than the 1934, as the aver- Sent buta fraction of the horsepower accounted for by the 
ge size of the jobs increased. Three of the thirty-two industrial installations. 

ities show a decrease in connected horsepower for air —*Birmingham, Ala.; Chicago, Ill; Des Moines, Ia.; Detroit, Mich.; Phil- 


aaa: oe . delphia, Pa.; Pi , a. i Wales , o Bes G 
onditioning for eleven month of 1935 as compared with  — 4¢/PMa, fas, Pittsburgh, taj nichmond, Va.; Rochester, N. ¥. Sam 








Table 1—Number of Air Conditioning Installations and Con- 
nected Horsepower for Air Conditioning 
TortaL, 
Dec. 1, 1935, In- 


Territory Jan. 1-Nov, 30, CLUDING Prior To 
1935 1934 1934, 1934, AND 11 
(11 Mownrns) (12 Montus) Montus or 1935 
No. He No. Hp No. He 
ALABAMA 
Birmingham ......... 22° 951.6 13* 51.5 46 1797 
CALIFORNIA 
EMG SEE cccauease Be 448 Wine 
DIST. OF COLUMBIA 
ED. vacasvere 158 84184 83 15,868.25 335 29,040.5 
FLORIDA 
a ee Ae ere 42 912.8 18 278.25 64 1819 
St. Petersburg ...... 4 18.25 v 0 6 19.75 
IDAHO 
SR a 11 40 2 3 37* 208 
ILLINOIS 
Re as + odd oben Var 309 5485 244 6662 935 48,832 
DD ens csesaas 1l 2.5 
INDIANA 
Indianapolis ......... 27 1500 18 510 62 3100 
IOWA 
ee Tere 39 422 29 203 93 1300 
KENTUCKY 
DEE 4.4 sis coe eu 35 713 31 318.5 85 2044 
LOUISIANA 
New Orleans ........ 64 2447 33 506 148 7219 
MARYLAND 
NEPAL ee ee 82 2244 74 1973 228* 7825 
MASSACHUSETTS 
| Perererr ery 15 0 =. 274 
MICHIGAN 
Consumers Power Co.* 27 220 27 408 62 725 
EEE” nvewdscce chur 101 6175.1 76* 909.5* 286 =617,460.6 
MISSISSIPPI 
SD “Bin dn a's deuce 17 98.5 16 38.5 
MISSOURI 
er ee 121 3675.25 152 1020.5 368 7216 
DEE. secceeseeses 184 5335.4 150 1368.4 505 = 14, 200.9 
NEBRASKA 
GE «Sadhvenvacesan 45 1138 37 344 100 2766.5 
NEW HAMPSHIRE 
BEOMGONNRP cckcccwccs > 43.75 4 7.75 16 71.45 
NEW JERSEY 
Asbury Park* ........ 7 85 6 15 13 100 
NEW YORK 
New York City 
ee 29 2060 26 583 93* 7522* 
Manhattan & Bronx. 204 7672 226 8375 694 46,946 
COMED ccccccsceene ” 161.2 23 267.87 51 4253.12 
INE 5. 0's gremwarteies 28 665.25 10 555 58 24,947.25 
ee” ccasecabewne 6 211 3 28 14 1282 
OKLAHOMA 
Installations on lines of 
Oklahoma Gas & Elec- 
tric Co., including air 
conditioning and air 
washing installations. 85 1011.87 ad saree 244 3571.68 
OHIO 
CE occtvacasce” OS ORS 74 1319.75 245 7986.25 
ee ae eke ee 429 10 51 48 1904 
PENNSYLVANIA 
Philadelphia* .. . IL 4735.5 149 2455.8 420 21,980.5 
Pittsburgh ... a ‘ 04 1367.75 58 432 187 5567.75 
Scranton .. “re 10 138 5 47 
TENNESSEE 
Installations in Ten 
nessee Electric Power 
Co.'s territory, includ 
ing Nashville, Chatta- 
nooga, Cleveland, Har 
riman, Murfreesboro 
and Columbia, Tenn. 39 511.7 26 146 86 1625.75 
TEXAS 
Beaumont ........ oes 9 243 4 60 16 58 
Dallas Lerececenees 75 «1205.6 34 382 on se08 
ae WOOO kcace “a 143 3 61 14 411 
San Antonio ......... 30 996.5 16 166.5 78 5920 
VIRGINIA 
DONRNE” «6.0. 0 6s Sina 66 1614 32 1287 1138 4970 
WISCONSIN 
Milwaukee . Sy a 384.55 18 135.53 67 3576.88 
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Prospects for 1936 


Indications are that 1936 will top the record-breaking 
year of 1935 in volume of air conditioning business. Re- 
ports from many sources agree that this year will see 
more jobs installed than has any previous year. 

For instance, the improvement in general business 
conditions is expected to lead to many installations in the 
Pittsburgh district this year which were postponed dur- 
ing 1935. Rockford, Ill., is looking forward to a good 
year. The outlook in the Birmingham territory is “very 
bright,” with the commercial market expected to have 
the greatest volume and the revival of home building ex- 
pected to lead to a considerable pick-up in residential air 
conditioning. Indianapolis expects to double in 1936 the 
number of installations made in 1935. Kansas City ex- 
pects 1936 to be a very successful year, particularly if 
the weather is hot early in the season. Prospects for 
1936 “appear good” for Toledo. An increase in horse- 
power of 50 to 100 per cent during 1936 as compared 
with 1935, and at least twice as many installations, are 
expected for Milwaukee. Washington expects to increase 
in 1936 the horsepower added in 1935 for air condition- 
ing, with neighborhood theaters, department stores, and 
hotels expected to air condition as well as retail specialty 
stores, restaurants, etc. Sixteen hundred tons of refrigera- 
tion for air conditioning are expected for Miami, based 
upon prospects known to be interested. The trend of air 
conditioning in Los Angeles was “‘very much greater” last 
year than in 1934 and activity in 1936 is expected to con- 
tinue in similar manner. In Chicago, 1936 prospects are 
“very bright’’ with an unusually large number of installa- 
tions being figured; Chicago restaurants, private offices, 
clothing stores, drug stores, undertakers, and beauty par- 
lors should expand considerably in adoption of air con- 
ditioning. 

To summarize—1934 was a “good air conditioning 
year”... 1935 was a better one .. . and 1936 is expected 
to be better yet. 

[The courtesy of the utility companies serving the 
cities réferred to here in making available the data on 
number of installations and connected horsepower for air 
conditioning is gratefully acknowledged. ] 


Footnotes, Table 1 


Baltimore—Total number of contracts; some establishments have two 
or more installations. 

Boise—All installations evaporative cooling jobs except two well water 
jobs and one evaporative cooling installation arranged for ice melting 
refrigeration during hot days. 

Kansas City, Mo., only; not Kansas City, Kans.—1935 figures include 
2000 hp for air conditioning new municipal auditorium. 

Detroit-—Figures include fan and pump hp (313 hp) for 1935 jobs only; 
no record kept previous to 1935. Twelve well water installations with 
235 hp for pumps and fans are included in the 1935 figures, as is an 
installation in an automobile body plant for furnishing washed air to 
paint spray booths and consisting of 1500 hp connected load for pumps 
and fans. Except for 1935, data covers compressor jobs only (not well 
water or steam jet). Engine and turbine driven compressors and all 
motor driven compressors whether served by The Detroit Edison Co. or 
not are included. 

Toledo—1935 jobs were mostly commercial, while 1934 installations were 
mostly for small offices and residences. One bank job of 268 hp not in 
operation because of vacancy of banking quarters is included in the data 

Richmond—Figures cover all installations on the system of the Virginia 
Electric and Power Co. 

Philadelphia—Horsepower figures include any additions that may have 
been made to existing installations; number of jobs shown is for new 
installations. 

Consumers Power Co.—These figures cover installations in this com 
pany’s territory, including Battle Creek, Flint, Jackson, Kalamazoo, Pon 
tiac, Grand Rapids, Muskegon, Saginaw, Alma, and Bay City. 

New York City (Brooklyn)—-Figures for total as of Dec. 1, 1935 
will be revised when survey now in progress is completed. 

Birmingham.—Figures do not include 5 standby railroad car jobs total 
ling 50 hp in 1934, and 9 such jobs totalling 90 hp installed in 1935 

Asbury Park, N. J.—Summer air conditioning installations only 

Note :—PBlanks indicate no data available. 






















16 in. steam jacketed turbine driven rotary pump handling 1200 gpm of very heavy crude petroleum 





Piping and Pumping Process Materials 


ODERN industry has adopted 
piping as an important means 
of transporting many ma- 

terials formerly considered unsuitable 
for pumping ; these present a number 
of very interesting and difficult engineering problems. 

There are well established general rules for pumping 
water, light oils, and similar liquids, which may be fol- 
lowed within, of course, certain definite limitations. It 
is always necessary to avoid turbulence and unduly high 
pressures. It is also essential that the suction conditions 
be kept within the laws of physics. For pumping heavy 
or viscous materials, or those having high melting points 
or other special characteristics, no such rules apply and 
each project must be considered individually. It is neces- 
sary to check carefully the pipe friction losses. Some 
change in viscosity or in pipe size may entirely alter the 
problem—in fact, may prevent a satisfactory operating 
result. 

Some materials require heating to render them fluid 
enough for pumping, while a few require refrigeration be- 
lore they can be pumped. The latter are materials so 
charged with volatiles that unless they are kept at low 
temperature they will yield enough gas to kill the pump 


"Hynes Electric Heating Co., Philadelphia, Pa. Member of Board of 
msulting and Contributing Editors. 
THydraulic Engineer, Philadelphia, Pa. 


By Lee P. Hynes* 
Charles D. Campbell, Jr. + 





suction. Thus, many intricate prob- 
lems in thermodynamics as well as 
mecianics arise. 

Certain types of molasses, sugar 
stocks, and syrups begin to 
caramelize at very definite temperatures and therefore 
it is not safe to heat them enough to make them flow 


and 


corn 


Modern industry uses piping for conveying many 
materials formerly thought unsuitable for pumping. 
These materials present inleresting and sometimes 
difficult problems, many requiring heating to render 
them fluid enough for pumping, and a few are so 
charged with volatiles as to necessitate refrigeration 
to prevent the pump suction being killed... . . The 
authors, who have had wide experience with a variety 
of such special materials, discuss the factors which 
must be considered, concluding with practical sug- 


gestions which will help to avoid operating troubles 








freely ; consequently they must be pumped while in a 
very viscous condition. Waxes and resins have critical 
melting points; that is, they change within a few de- 
grees of temperature from a solid to a liquid. These 
liquids usually have no lubricating qualities whatever 
and introduce serious problems for avoiding undue wear 
on moving pump parts. 

Recently some entirely new pumping problems have 
arisen with a material which is normally solid at ordi- 





Section through steam jacketed pipe fitting 


nary temperatures but which can be considerably svuft- 
ened by impregnation with highly volatile liquids. This 
type of material must be handled at extremely low tem- 
peratures because of its tendency to disassociation. 


Molasses and Similar Syrups 


Let us first discuss molasses and similar syrups. De- 
pending upon their viscosity, these materials must gen- 
erally be handled in the range between 75 and 110 F, 
although occasionally one may be found which can be 
heated to 120 F without caramelizing. However, the 
general practice is to maintain them at from 90 to 100 F. 
It is necessary to install large size pipes and the lineal 
velocity of flow should not be more than 2 ft per sec. It 
is very important to operate molasses pumps at slow 
speed and to supply power 
enough to take care of the 
viscosity requirements. This 
type of material requires a . 
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a sustained squeezing pres- U 
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tion was always close to the molasses. The pumps were 
gradually lowered as the molasses was pumped out, and 
the suction lift was thus kept within practical limits. 
With many syrups used in candy, food products and 
so forth, the problem of discoloration is important. Ex- 
cessive heat causes the syrups to change color ; therefore 
they must often be pumped at temperatures where they 
are almost solid. It is impossible to wash out the lines 
with water and the syrup has a tendency to crystallize 
completely upon standing. With crude molasses, low 
pressure saturated steam can sometimes be introduced 
into a suction line to dilute the molasses and make it 
easier to pump. With refined syrups, however, the water 
would not only cause discoloration but would completely 
ruin them, hence steam cannot be admitted. The only 
solution is carefully to preheat the syrup to the maxi- 
mum permissible temperature and then design pumps and 
piping capable of satisfactorily handling the thick material. 


Waxes, Resins and Shellacs 


Waxes, resins, shellac, and various allied products have 
very critical melting points. Piping, fittings, and pumps 
must be kept heated by steam or electricity to prevent 
their becoming plugged up solid. It is important to use 
pumps with heated stuffing boxes as these materials have 
a tendency to set in the packing when cold and in start- 
ing up the pump the packing may be torn out. In some 
cases, after the pump has started to handle the hot fluid, 
it has been found advisable to circulate water through 
the jacketed stuffing boxes so as to cool them somewhat, 
thus slightly chilling the liquid soaked in the packing. 
This tends to cut down leakage through the packing 
which might otherwise be troublesome with these non- 
lubricating materials. Asphalts, tars, greases, and vari- 
ous pitches also require heated pipes and fittings. 

With motor driven pumps, it sometimes has becn 
found advisable to install variable speed reducers and 
variable speed motors. This gives a far better operating 
result when handling heavy viscous materials such as mo- 
lasses, syrups, asphalt and pitches because it is possible 
to run the pump very slowly when starting up so as to 


Table 1—Useful Conversion Table 
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“hammer” out the piping and get the material to flowing. 
After the lines are cleared and the material begins to 
flow freely, the pump speed can be stepped up gradually. 
I‘requently the regular operating capacity of the pump 
can be increased 100 per cent in this way. With a single 
speed drive the maximum capacity of the pump is limited 
by the speed at which it is capable of starting; the vari- 
able speed pump drive removes starting up limitations 
and permits normal operation at maximum capacity. 


Gas Impregnated Materials 


The gas impregnated materials mentioned earlier have 
recently presented some unusual pumping problems. 
These materials are waxes and asphalt compounds which 
are practically solid at normal temperatures, but when 
they have been softened by impregnation they have a 
spongy appearance and a peculiar consistency which can 
best be described as being similar to stiff mashed pota- 
toes. As they may contain as much as 60 per cent of 
absorbed volatiles, such as propane or butane, they pre- 
sent difficulties on the intake side of the pump. Any suc- 
tion will tend to evaporate and draw off the volatiles 
which are needed in absorption to render the mass semi- 
fluid. If the gas were sucked out a solid residue would 
be left which would plug the line entirely. Even a small 
amount of free gas would seriously reduce pump 
efficiency. 

As these materials must be handled at sub-zero tem- 
peratures owing to the low critical temperature of the 
volatiles the pump, piping, and fittings must be jacketed 
with a suitable refrigerant. An exceptionally large pump 
is necessary and it must run very slowly. Frictional heat 
generated by work in the pump introduces a problem as 
unless it is extracted quickly by effective cooling means 
it will set free enough gas to cause trouble. Very large 
pipe sizes are necessary to reduce resistance to flow. 

The most difficult part of the problem is to get the 
material into the pump. In some cases a screw feed 
has been used. Once the material gets into a suitable 
pump sufficient power can be applied to squeeze it for- 
ward through the delivery piping to its destination. The 
high pressure and the low temperature keep the absorbed 
gas in its liquid form so that it somewhat softens the 
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otherwise solid mass of the material and permits it to 
flow. 
Horsepower and Discharge Pressures 


All pumps actually deliver less capacity at the operat- 
ing speed than is indicated by their theoretical displace- 
ment. The actual displacement is dependent upon sev- 
eral factors such as pump speed, discharge pressure, 
vacuum at the pump suction, viscosity and gravity of the 
material, operating temperature and the kind of material. 
The clearances between moving and stationary. pump 
parts also are factors. Obviously, pumps designed to 
handle heavy molasses or asphalt require considerably 
more clearance than those for water or gasoline. 

The horsepower required to operate any pump depends 
upon several factors. There is a value for theoretical 
horsepower and a value for actual horsepower. 

Gpm X Weight < Head in Ft 





Theoretical hp = 
33,000 

Gpm = Theoretical gallons per minute 

Weight = Pounds per gallon 

The formula does not take into consideration friction 
losses in.the pump, which vary with the type, size, speed 
and internal clearances of the pump, and with the dis- 
charge pressures and the viscosity of the fluid being 
handled. Pump friction horsepower must be obtained 
by actual test. By adding the friction horsepower to the 
theoretical horsepower arrived at by the formula, the 
actual horsepower input necessary for operating the 
pump may be obtained. 

In determining the necessary discharge pressure for a 
given installation, it is essential correctly to compute the 
pressure drop due to pipe line friction. There are stand- 
ard published tables which can be used for certain speci- 
fied materials and conditions. In many cases, however, 
the only reliable data are the records of actual operating 
experience under similar conditions. 

The conversion table and oil measurement table at 
60 F will be found helpful in making pump calculations. 


Installation of Pumps and Piping 


The following practical suggestions will help to avoid 
operating troubles : 


Table 2—Oil Measurement Table at 60 F 























| | 

GRAVITY | Pounps ! GRAVITY Pounps || GRAVITY PouNnpDs GRAVITY PouNpDs 
DEGREES | SPECIFIC PER DEGREES | SPECIFIC PER DEGREES | SPECIFIC PER Decrees | Speciric PER 
A.P.I. Gravity | GALLON A.P.I. Gravity | GALLON A.P.I. Gravity | GALLON A.P.I, Gravity | GALLON 
1.0520 8.762 13. 0.9792 8.164 23. 0.9159 7 636 33 0 .8602 7.171 
1.0482 8.730 13.5 0.9759 8.136 5 0.9129 7.612 33.5 0.8576 7.150 
1.0443 8.698 14 0.9725 8.108 0.9100 7 .587 34 0.8550 7.128 
1.0405 8 .666 14.5 0.9692 8.081 0.9071 7 .563 34.5 0.8524 7.107 
1 .0366 8 .634 15 0.9659 8 .053 0.9042 7 .538 35. 0.8498 7.085 
1.0329 8 .603 15.5 0 .9626 8 .026 0.9013 7.514 35.5 0.8473 7.064 
1.0291 8.571 16 0.9593 7.998 | 0.8984 7.490 36. 0.8448 7.043 
1.0254 8.540 16.5 0.9561 7.971 0.8956 7 467 36.5 0 .8423 7.022 
1.0217 8.509 17. 0.9529 7.944 0 .8927 7.443 37 0.8398 7.001 
1.0180 8.479 17.5 0.9497 7.918 0.8899 7.420 37 .5 0 .8373 6.981 
1.0143 8.448 18 0.9465 7.891 0.8871 7 .396 38 0.8348 6.960 
1.0107 8.418 18.5 0.9433 7 .865 0.8844 7 .373 38.5 0.8324 6.940 
1.0071 8 .392 19 0.9402 7 .839 0.8816 7.350 39 0.8299 6 .920 
1.0036 8 .365 19.5 0.9371 7.813 0.8789 7 .328 39.5 0.8275 6 .900 
1.0000 8 .337 20. 0.9340 7 .787 0.8762 7 .305 40 0.8251 6 .879 
0.9965 8.308 20.5 0.9309 7.762 0.8735 7 .283 40.5 0 .8227 6 .859 
0 .9930 8.279 21. 0.9279 7.736 0.8708 7 .260 41. 0.8203 6 .839 
0.9895 8 .250 21.5 0.9248 7.711 0.8681 7 .238 41.5 0.8179 6.819 
0.9861 8.221 22. 0.9218 7 .686 0.8654 7.215 42. 0.8156 6.799 
0 .9826 8.193 22.5 0.9188 7 .661 0.8628 7.193 
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Locating and Mounting—It is always advisable to 
place the pump as closely as possible to the source of 
fluid supply. It should be mounted on a solid foundation 
with anchor bolts set in pipe nipples to allow for adjust- 
ment. The base should be perfectly level, using steel 
wedges between it and the foundation. Care must be 
taken in tightening up the anchor bolts to avoid spring- 
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The wrong (left) and right ways to connect flexible couplings 
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The wrong (left) and right ways to connect pipe flanges 


ing the base; if the base is sprung, the pump will be 
thrown out of line with its outboard bearings if belt or 
gear driven, or with the couplings if direct connected. 
After leveling the base and tightening the anchor bolts, 
the cap screws holding the outboard bearings to the 
base should be loosened and a check made to see that 
the outboard bearings slide freely on the base but with- 
out any rocking, and that the cap screws do not bind 
sideways in the holes. Unless everything is free, it is 
necessary to loosen the anchor bolts and reline the pump 
base on the foundation. 

Lining Up—Ilf the pump is direct connected, care 
should be taken to see that the couplings line up properly. 
They should be lined up so that their faces are parallel 
and they should measure the same distance apart at all 
points. The sketches show the right and the wrong 
ways to line up flexible couplings and pipe flanges. After 
properly lining up, the pump base can be grouted in. 

Piping Riser Essential—When making piping connec- 
tions, the pump discharge pipe should not be carried 
out and then directly down. It is essential that a riser 
be installed on the discharge side of the pump, even 
though it is necessary to drop down again to a line at 
lower level. The riser should be placed directly at the 
pump discharge. This practice has been found necessary 
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for sealing pumps in high vacuum service or where there 
is any vapor in the material. The right and wrong way 
to connect pump discharge pipes is illustrated. 

It is good practice to put a valve at the top of the riser 
to be used as a vent when starting up the pump. 

Piping Precautions—All piping to and from the pump 
must be of ample size to carry the maximum quantity of 
liquid to be handled without undue friction. Short 
turn elbows should be avoided and long turn or 45 deg 
elbows and long sweep pipe bends should be used wher- 
ever possible. When drawing or forcing liquids long 
distances or when handling very thick viscous materials, 
the diameters of pipe lines should be greater than called 
for by the openings on pumps. They must be large 
enough to convey the material with a minimum amount 
of friction. This is particularly essential for the suction 
pipe, which is positively lim:ted to atmospheric pressure 
(only 14.7 lb per sq in. maximum) to force the material 
from its source to the pump. 

Suction Must Be Air-tight—The suction of a pump 
should be perfectly air-tight. Any leak will destroy the 
vacuum and prevent the material from rising to the 
pump. 

A suitable air-tight but easily cleaned strainer of ample 
size must be installed in the suction line to prevent pas- 
sage of any foreign substance which might damage the 
pump. Be sure that suction and discharge pipes are free 
of dirt and foreign material before coupling up to the 
pump. 

Hot water or volatile liquids cannot be lifted by suc- 
tion to any considerable height and the difficulty increases 
with rise in temperature. To handle volatile liquids eff- 
ciently they must flow by gravity to the pump intake. 

Cold Weather Precautions—Materials which flow 
freely in warm weather may cause trouble during cold 
weather unless they are heated. In exposed locations 
pumps and piping should be thoroughly drained after 
starting if the material is likely to freeze. 

All steam pipes should be installed so that they can 
be easily drained of condensation. For some locations 
steam jackets for pumps and piping are difficult to drain 
and frequently it is safer and more satisfactory to use 
electric heat instead of steam. This can readily be ap- 
plied to pipe lines, valves, pumps, and so forth. 





Wrong way (left) to connect the discharge pipe (without a 
riser), and right way to connect the discharge pipe (with a riser) 











HAT modernization by air conditioning is not 

limited to old, out-of-date buildings is well dem- 

onstrated by the action of the American Drug- 
vists’ Fire Insurance Co. in equipping its 15 story Amer- 
ican Building, Cincinnati, with a system embodying many 
features and refinements, including a new type of duct 
construction. 

Fourteen floors of the building are devoted to public 
office space, the fifteenth serving as a home office for the 
owners. Even before it was air conditioned this build- 
ing, only six years old, was considered one of Cincinnati's 
most modern and best equipped. 


Why the Building Was Air Conditioned 


Underlying reason for the investment was, of course, 
economic. Cincinnati, in common with other cities, has 
had for the past several years a surplus of high grade 
office space, the result being that most of the better build- 
ings are but partly occupied, and the market for space is 
extremely competitive. 

There were two courses open to the management to 
increase the percentage of occupancy. One was obvious 
—to make a general reduction in rental rates. The 
other was to better the service offered to the tenants, 
making the building so attractive and establishing its 
superiority sufficiently that it would be removed from 
price competition. This was chosen as being the more 
constructive, as it was felt that rental reductions would 
upset the market for office space and would detract from 
the prestige of the building—perhaps with permanent 
effects. 

After thorough study, it became apparent to the own- 
ers that there were a number of reasons air conditioning 
would be advisable. Its value as an inducement to pros- 


Selection of the type of system which can best be 
adapted to the particular requirements is perhaps 
the principal consideration in modernizing by air 
conditioning. Earlier articles have described appli- 
cations of the indirect system, chilled water being 
circulated from tie refrigerating equipment in the 
basement to conditioning units at various locations, 
and a system of direct expansion units on each floor 
with compressors in the basement..... This month, 
a central station job comprising two centrally situat- 
ed dehumidifiers supplied with chilled water ‘rom a 
basement refrigerating plant is described. Features 
of the installation are the method of duct construc- 
lion employed, which avoided the expense of furring 
yet made an installation neat in appearance, and 
the duct layout, which allows for any normal sub- 


division of office space 





Modernizing with 
Air Conditioning 


By Anker Winther* 


pective tenants was, of course, most important. In many 
cases the promise of increased personal comfort alone 
would be sufficient to rent space. To organizations hav- 
ing a large number of employes, the sale of office space 
would be placed on a definite economic basis by citing 
the effect of air conditioning in increasing the summer 
productiveness of office workers and in decreasing ab- 
sences due to illness both summer and winter. Doctors 
and dentists would be attracted by the increased comfort 
they could offer their patients. 

Aside from its direct appeal to the tenants, air condi- 
tioning was found to have tangib!e value in the opera- 
tion of the building. By keeping turn-over of tenants 
at a minimum, expensive moving and altering of parti- 
tions is reduced. With windows closed, dust and dirt 
are kept out with consequent reduction in cleaning, paint- 
ing and redecorating costs. 


Choosing the Type of System 


Choice of the proper type of system was a matter of 
considerable study by the management and Carl J. Kiefer, 
Cincinnati, the consultant. The principal factors influ- 
encing the selection of the equipment were: (1) results 
obtainable ; (2) effect of the installation on the appear- 
ance of the building; (3) amount of rentable space lost 
through the installation of the equipment; (4) adapt- 
ability to changes in office divisions ; and (5) cost. Three 
methods were considered, the first being the use of indi- 
vidual surface cooling units served from a central water 
cooling plant. This was rejected because of the diff- 
culty which it was felt would be incurred in providing 
proper ventilation without unsightly outside air intakes, 
marring appearance of ceilings by installation of chilled 
water piping and drains, space requirements in the 
offices, and the difficulty of properly serving small sub- 
divided offices without an excessive number of units. 
Consideration was also given to surface cooling unit air 
conditioners centrally located on each floor with ducts 
supplying the various offices, the chilled water to be cir- 
culated through the coils from a central water cooling 
plant. This was not considered practical because of 
space requirements. 

A central station dehumidifier system was decided 
upon as best meeting the requirements of this building. 
Although a plant of this type was not the lowest in cost, 
the desirability of having washed air and rigid control of 
both temperature and humidity the year ‘round was con- 
sidered to warrant the additional expense. It was readily 
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apparent, however, that there would be some difficulty in 
adapting a central station layout to this well built steel 
and concrete structure with its finely finished interior 
without marring its appearance or encroaching upon 
rentable space. 


Location of Compressors and Dehumidifiers 


The lower twelve of the floors devoted to office space 
have overall dimensions of 100 x 60 ft, the upper three 
floors forming a tower roughly 60 ft square; total rent- 
able floor area is approximately 65,000 sq ft. An ad- 
joining four story building on the north is also the prop- 
erty of the owners of the American Building. 

The refrigerating and water cooling equipment furn- 
ishing chilled water to the dehumidifiers is in the base- 
ment of this adjoining building in a space 9 x 66 ft. 
“Freon” is the refrigerant with a shell-and-tube water 
cooler in which the refrigerant is sprayed over the tubes 
by a recirculating pump. Two hundred tons of refrigera- 
tion is provided by two 2-cylinder compressors, one 14 x 
10 in. direct connected to a 150 hp synchronous motor, 
and the other V-belt driven by a 60 hp induction motor. 
Each compressor is equipped with capacity reducing 
partial cylinder bypasses, making the operation of the 
system flexible over a range of from 15 to 100 per cent of 
full capacity, with no reduction in efficiency. 

Condensing water is taken from the city mains at a 
midsummer temperature of 85 F, the quantity used being 
regulated to hold a fixed condensing pressure by means 
of a diaphragm valve. The main chilled water circulat- 
ing pump, supplying 700 gpm of water to the dehumidi- 
fiers on the upper floors of the building, is also in the 
machinery room. 

In order to hold the main riser ducts within necessary 
space limits, the dehumidifying and air distributing 
equipment is divided into two systems, one serving the 
lower five and the other the upper ten floors. The 
dehumidifier for the lower system is on the fourth floor 
of the adjoining building and for the upper system, a 
space on the tenth floor 16 x 20 ft was set aside as an 
equipment room. Chilled water from the main circulat- 
ing system is supplied to the dehumidifiers at the inlets 
to the spray pumps through 3-way mixing valves, dew 
point regulation being used in the dehumidifiers. 

The tank of the lower dehumidifier is partitioned to 
form a sump into which its return water overflows, and 
which also collects the return water overflowing from the 
upper system. Thus, there is a balanced head on the cir- 
culating system as far as the fourth floor level. 

For air distribution and control, each half-floor has its 
own individual recirculating fan, the building being zoned 
east and west. Two main supply ducts convey air di- 
rectly from the dehumidifiers to the inlets of the recir- 
culating fans, where the air is combined with the proper 
proportion of bypassed air as governed by the thermo- 
statically controlled mixing dampers. 

One of the most important problems was finding suit- 
able space for the duct risers. None was available in 
the compactly arranged offices and corridors and the 
building is so located that ducts could not be placed on 
the outside. The only unused space that could be found 
in the building, other than two shafts rather limited in 
size, was in the stairways, which are constructed with 
four landings leaving a well in the center. 

Accordingly, the central systems were laid out so that 


January, 1936 


the main supply ducts could be accommodated in the 
stairwells, and the return air in the two shafts. As the 
recirculating fans are hung directly from the main stair 
landings, this arrangement requires only a very short 
connection to the main supply duct. On the first four 
floors of the building the riser and circulating fans are 
on the inside wall of the adjoining building. 


New Type of Duct Construction Used 


The feature of the installation is the construction and 
arrangement of the distributing ducts on the various 


floors. It was the management’s desire to avoid the ex- 
pense of furring in the supply ducts, yet it was of equal 
importance that the installation be neat in appearance. 


OPPOSITE 


Left, top to bottom—Original appearance of a north wall 
and ceiling before ducts were installed. . . . Bare ducts 
in place alongside ceiling beam and over windows. . . . 
Same view showing neat appearance after duct work was 
finished off and painted. . . . Center, top to bottom—The 
American Building, Cincinnati, air conditioned last year. 
. . » Detail of method of duct construction. ...5 hp slip 
ring motor driving exhaust fan. ... Right, top to bottom 
—150 hp synchronous motor for the large compressor. 
. . . 69 hp induction motor for smaller compressor. .. . 
¥%, hp motor for booster unit, one of two for each floor 


These requirements resulted in the development of a 
type of duct construction which is smooth and continuous 
at the seams, and in which no hangers are visible. 

Object of the design was to simulate as closely as pos- 
sible the dropped beam construction of the ceilings, and 
for this reason, all elbows were made square. To reduce 
frictional pressure drop, each elbow was fitted with a de- 
flector consisting of a number of closely spaced turning 
vanes. The deflectors were purchased in the form of 
large slabs, which were cut up into pieces of the proper 
size on the job. 

Where the ducts run along a wall, the front face is 
maintained continuously for the length of the run, and 
the width is reduced in accordance with proper design 
from the rear. To carry out the full beam effect, the 
bottom sheet is carried back to the wall, closing up the 
space between the duct proper and the wall. (See 
sketch.) Three of the photos show the north wall of a 
typical floor, before, during, and after the installation of 
the ducts. Note that although the ducts received no 
finish other than filling in the cracks and two coats of 
paint they cannot be distinguished from the beams with- 
out close inspection. 

Duct location on a typical floor is shown in the plan 
reproduced here. The layout is designed to make the air 
supply system universal for any normal subdivision of 
the office space, a feature of considerable importance in 
view of the changes that are frequently required in office 
divisions by change in tenancy as otherwise such changes 
would necessitate expensive and unsightly alterations in 
duct branches and air outlets. Every grille is either 
above or near a window, the general direction of air dis- 
charge being towards the center of the building. In 
this manner, practically any office is assured a supply 
grille with the ducts as originally installed, for very 
rarely will individual offices be so arranged that they do 
not have a window. Divisions of the offices toward the 
center of the building, usually reception rooms, are 
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Duct location on a typical floor. 


served by the air returning to the corridor with which 
is mixed an appreciable amount of conditioned air which 
travels directly from the grilles through the transoms 
into these spaces. 

All air outlets have high velocity directional flow 
registers fastened directly to the face of the duct. The 
key operated dampers provide for adjusting the supply 
system, and also permit manual regulation of tempera- 
tures in individual offices. 


Control Is Almost 100 Per Cent Automatic 


The control system provides almost 100 per cent auto- 
matic regulation, rather unusual in an installation of this 
size. Complete automatic control is very desirable in 
this instance since the building is operated with a mini- 
mum of mechanical equipment, requiring the services of 
only one engineer. Since the operation of the air condi- 
tioning plant requires only periodic visits to the engine 
room, the engineer has found no difficulty in adding this 
duty to his other work. 

Summer temperature control centers about the zone 
thermostats, there being an instrument in the east and 
west return air intakes on each floor. These are pneu- 
matically operated, and by means of an outdoor master 
thermostat their setting is automatically compensated for 
changes in outside temperature. The zone thermostats 
are set for an inside temperature of 80 F when the out- 
side temperature is at the maximum design condition of 
95 F, and the ratio of readjustment provides for a drop 
in the inside temperature to 72 F as the outside tempera- 





Supply Duct Riser in Stair Well 


The layout is designed to make any normal 
subdivision of office space possible without affecting the air distribution 
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ture falls to 70 F. The zone thermostats control the 
operation of the dehumidified and bypass air mixing 
dampers at the recirculating fans. 

Since the humidity is determined by the dew point 
temperature of the air leaving the dehumidifier, the re- 
quirement of 50 per cent relative humidity in the rooms 
necessitates a change in the dehumidifier temperature to 
correspond to changes in the room temperature. To ac- 
complish this, the dew point regulator is of the sub- 
master type, readjusted by the outside master to provide 
a lower dew point temperature for lower inside tempera- 
tures and vice versa. The dew point regulator functions 
through a 3-way mixing valve, wh:ch admits the required 
amount of chilled water from the circu!ating system to 
maintain the desired temperature. 

If the quantity of chilled water required for the de- 
humidifiers falls, there will be a corresponding lowering 
of its temperature, with the result that a thermostat hav- 
ing its bulb in the water leaving the cooler, will stop the 
smaller of the two compressors. A rise in the chilled 
water temperature over the desired point will re-start the 
compressor. The large compressor is started manually 
in the morning, its capacity being set as closely as pos- 
sible to the anticipated load by means of the cylinder 
bypasses. The starting and stopping of the automatic 
compressor evens out any differences between the actual 
and the anticipated loads. During the day’s operation, if 
the engineer notes that the automatic compressor is oper- 
ating continuously, a readjustment is made in the capacity 
of the large compressor. 

The amount of condenser water is regulated in accord- 
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ance with the air conditioning load by a throttling valve 
actuated by pressure from the condenser. 

Winter control is arranged to heat to 72 F all out- 
side air used for ventilation, and to humidify the air to 
the proper point. The present system of radiation still 
functions as in the past. A thermostat in the main sup- 
ply duct, controlling the steam valve on the reheater, pro- 
vides the temperature control. Humidity is regulated by 
a hygrostat in the main return duct for each system, the 
setting of which is readjusted automatically by an outside 
master thermostat so that in cold weather the inside hu- 
midity is kept below the point at which the windows 
begin to fog. The hygrostat regulates the admission of 
steam to the preheater coils, and also controls the flow 
of water to a section of spray nozzles. 

No detailed analysis of operating costs for the 1935 
season has as yet been made. Careful observations were 
made however, of the temperature distribution on the va- 
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rious floors, as the principle of supplying air from the 
outside walls had been questioned. Tests showed re- 
markable uniformity in readings taken near the windows 
under the outlets, and at random points in the offices. 

Along the outside wall there is a very perceptible up- 
ward induction of air from the floor into the air stream 
leaving each outlet. Had it been intended, however, to 
heat the building completely by means of the air distribut- 
ing system, without the direct radiation now installed 
below the windows, some other system of air distribution 
would probably have been used. 

The management of the building has received much 
favorable comment from tenants in addition to a great 
deal of public attention on the addition of air conditioning 
to the services offered. Air conditioning was directly 
responsible for the rental of considerable space during 
the 1935 season, and there is no doubt that it will be even 
more helpful this year. 





TROUBLE-SHOOTING— 
Bringing Back the Missing Water Line 





A vacuum breaker brought 
back the missing water line 


church the piping system is arranged in three zones, 

one of which supplies the auditorium, the second 
supplying the school-rooms, and the third the church; 
each of the three is separately valved in the boiler room, 
both supply and return. A convenient set-up for the 
application for zone thermostatic control, you will agree. 
And so, motor operated valves and controlling thermo- 
stats were installed. 

But when the fires were started in the fall, the fun 
began. The fireman fought manfully against the grow- 
ing ¢onviction that a playful banshee was toying with 
his water line. He broke down, however, after losing 
his water line four times on the first day, and sent out 
. call for help. 

What had occurred was this:—As soon as the heat 
lemand was satisfied in a particular zone, that thermo- 


[: a heating system for a parochial school and a 


By H. G. Schaefer 


stat caused its valve to close. The steam within the zone 
system continued to condense, and presently enough 
vacuum was built up to overcome the pull of the pump, 
and to induce the condensate in the flooded return header 
to back up into the shut-down system. 

Naturally, the thing to do was to cut check valves 
into the three group return mains, and this was promptly 
done. But did the water stay put? Not by a jug-full! 
Why? Well, for one thing, because good mechanics had 
made the original installation. The system was com- 
pletely air-tight, and built up and held a vacuum as 
high as 22 in. The vacuum pump operated between the 
limits of 4 and 8 in. 

When a governing thermostat demanded steam, the 
valve gradually opened, grudgingly admitting enough 
steam to fulfil the demand, but not enough to break the 
vacuum to within the pump range. Naturally, all the 
condensate stayed within the system until piping and 
radiators were flooded, to the continued distress of the 
fireman, and the jeopardy of the boiler. 

Eventually the problem was solved. The illustration 
shows a bit of equipment screwed into the top of the 
main, just abaft the control valve. Yep! You've guessed 
it. It’s a vacuum breaker, and is set to operate at 3% 
in., so that the pump has a little leeway at all times. 
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The gas and oil fired boiler at the Palmer House, Chicago, showing the gas header along the floor 
At the extreme left are the gas boosters, and at the extreme right the 


uptake damper control; the large dial shows the positions of the gas butterfly valve and the uptake damper 


Gas in Summer, Oil and Coal in Winter. 
Carry Palmer House Hotel Heating Load 


N interesting feature of the mechanical equipment 
of the Palmer House, headquarters for the annual 
meeting of the American Society of Heating and 

Ventilating Engineers to be held in Chicago later this 
month, is the combination gas and oil fired boiler placed 
in service last spring. The change-over from coal firing 
was based strictly upon economic considerations after a 
new rate for large users of gas during the summer 
months known as “Classification 5” went into effect. 
This rate is aimed to create a market for the gas the util- 
ity must take from the pipe line in summer, which 
amount depends on the demand in winter and includes 
that required for house heating. Rates under this classi- 
fication are, for the first 130 therms used per month, 6c 
per therm ; the next 130 therms, 5c ; the next 9740 therms, 
3c; the next 65,000 therms, 2c; and over 75,000 therms, 
1.8c per therm. (A therm is equivalent to 100,000 Btu, 
and as the gas has a heating value of 800 Btu per cu ft, 
125 cu ft are equal to 1 therm.) The charge jumps to 
35¢ per therm after November 1 to drive loads under 
this classification off the lines. 

The scheme used at the Palmer House is therefore 
to burn gas until November 1, and after this date to fire 
with oil and coal. The 645 hp gas and oil fired boiler. 


generating steam at 130 lb, is large enough to care for 
the summer load with the stoker fired boilers as standby ; 
in winter as many stoker fired boilers as necessary are 
operated as near as possible to the most efficient rating, 
and the oil fired boiler (which is under automatic con- 
trol) operates to care for fluctuations in steam require- 
ments. Applications of this method comprise buildings 
having large steam requirements in summer, such as 
office buildings generating their own power, hotels with 
large process and water heating loads, etc. 

Fig. 1 is a view of the gas and oil fired boiler, showing 
the 10 in. gas header along the floor by the boiler with 
the five 3 in. leads to the burners, each of which has a 
capacity of 15,600 cu ft of gas per hr at a pressure of 
about 15 oz. Fig. 14 is a close-up of the gas header 
which also shows the oil piping, installed after the photo 
for Fig. 1 was made. 

At the extreme left of Fig. 1 are the gas boosters, a 
close-up of which is shown as Fig. 2. Each of the two 
hoosters has a capacity of about 80,000 cu ft of gas per 
hr at 14 oz static pressure and is driven by a 10 hp 
steam turbine. At the right of Fig. 2 is the gas 
meter, with the 12 in. main from the street coming in 
at the top and from which the gas goes to the boosters. 
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An interesting feature of the mechanical equipment 
of the Palmer House hotel, Chisago, is the combina- 
tion gas and oil fired boiler put in operation last 
spring, gas at low rate being available from April 
to November, after which oil is used. The change- 
over was made purely because of economic considera- 
tions..... Many readers will be stopping at the 
Palmer House during the A.S.-H.V.E. meeting and 
the International Heating, Ventilating and Air Con- 
ditioning Exposition this month, and will have an 


opportunity to see this installation 


ag ey 


Fig. 14—Close-up of the gas header seen in Fig. 1, and the oil 
piping and connections to the oil burners. The butterfly valve 
controlling the gas pressure is seen in the header at the left 


Fig. 2 (left)—Close-up of the turbine driven gas 
boosters, left, and the gas meter on the posts at the 
right . . . Fig. 3 (center) Bricked in front of the 
gas and oil fired boiler after removal of the stoker 
. . « Fig. 4 (right)—Interior of furnace looking toward 
the gas burners: there are two spuds for gas in each 
hole and air is drawn through these holes. For oil 
firing, the oil guns are inserted.in the center-dele in 
the second row from the top in each of the five settions 
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The line from the boosters to the 10 in. header at the 
boiler is 8 in. All of the gas piping was arc welded, 
and the oil piping was oxy-acetylene welded. 

Fig. 3 shows the bricked in front of the boiler illus- 
trated in Fig. 1 after removal of the stoker, and Fig. 4 
is an interior view of the boiler furnace looking toward 
the gas burner end. 


The Method of Control 


The method of control for gas and oil firing is a fea- 
ture of this job—perhaps the outstanding one. 
firing, a butterfly valve in the gas main to the burners 
(seen at the extreme left of Fig. 14) is controlled by 
the pressure in the steam header, and in turn controls 
the gas pressure to the burners. The gas pressure in the 
header controls the air operated uptake damper by means 
of a leak-off valve to maintain proper CO, content of the 
flue gases. The positions of the damper and the butter- 
fly valve are shown by the two hands on the large dial 
at the right of Fig. 1, the darker hand for the butterfly 
valve and the other for the uptake damper. For oil 
firing, the pressure in the steam header controls the oil 
and steam throttling valves to the burners and the oil 
pressure in the manifold controls the uptake damper. 

The gas and oil piping systems are of course entirely 
separate, as are the burners, although they are installed 
in close proximity. As can be seen from Fig. 14, the 
leads from the gas header come up from the header along 
the floor to each gas burner. The oil and steam lines 
are above the gas header, and the leads to each of the 
steam atomizing oil burners drop from this line. By 
means of a bracket connection, the oil guns may be 
taken out of the boiler during gas operation. 

The pilot line for lighting the gas burners is taken off 
the gas header directly ahead of the butterfly valve. 


~ 
For gas 


Gas Consumption and Efficiency 


Results after five months’ operation. to November |! 
have fully met expectations. During this period (June 
1 to November 1) 827,666 therms or 103,458,250 cu ft 
of gas were used and 58,663,540 Ib of steam were gen- 
erated. The load ranged from 50 to 200 per cent of 
hoiler rating, and the average boiler, burner, and furnace 
efficiency for the period was 72 per cent. Incidentally, 


[Continued on page 21] 
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onditioning a Production Tool 


Since 1926 at Bayuk Cigars Plant 


By Rush D. Touton* 


INCE progress of the future is built upon the ex- 

perience of the past, it is often useful to review the 

experience of a pioneer in an activity. Bayuk 
Cigars, Inc., has been employing air conditioning for 
9 years; the case is particularly interesting because in- 
creasing production schedules and continued adaptation 
of new methods have charted a further course of pro- 
gressive development. 

The Bayuk factory and office building at 9th and 
Columbia Avenue, Philadelphia, was erected in 1926 and 
represented what was then considered an unusual cigar 
making plant, as a production of 200,000,000 cigars per 
year in one plant was thought impossible and imprac- 
ticable ; furthermore, it was decidedly novel to include 
all phases of tobacco treatment and process work in the 
same building with the actual rolling of the cigar. 

The design included all the processing practices devel- 
oped and standardized by the firm in its 30 years’ cigar 
making experience. Air conditioning and refrigeration 


*Technical Director, Bayuk Cigars, Inc., Philadelphia, Pa. 





The Bayuk plant and office building at %h and Columbia 
Avenue, Philadelphia, showing the fourth to eighth manufac- 
turing floors and the ninth and tenth floor penthouse construc- 
tion enclosing the condenser water spray pond, central station 
humidifier and dust arresters. The fresh air intake for this 
humidifier and the refrigeration storage tank are also shown 


was provided for the comfort of the operatives and to 
permit year ’round uniformity of cigar manufacturing, 
and the structure was completely insulated, provided 
with double windows and fixed sash to create a giant 
“humidor.” The building afforded 200,000 sq ft of floor 
space on eight manufacturing levels, all conditioned by 
the following equipment :— 


Two central station systems, each handling 40,000 cfm, one 
in the basement serving the lower four floors, and one in a ninth 
floor pent house serving the fifth, sixth, seventh and eighth floors. 

Four compartment type drying systems for filler tobacco. 

Five fermentation rooms on the first floor. 

A finished cigar conditioner on the eighth floor. 

A separate ventilating system for the seventh floor general 
and executive offices. 

Two low temperature storage rooms for processed tobacco, 
equipped for maintaining 85 to 90 per cent relative humidity at 
temperatures of 65 to 70 F. 


A total of 200,000 cfm was circulated by the original 
air conditioning equipment with an installed motor 
capacity for this service, including refrigeration, of 
400 hp. Steam was supplied from three low pressure 
oil fired boilers, circulating at 3 lb pressure through an 
open return gravity type piping system. Purchased 
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Bayuk Cigars, Inc., has been using air conditioning 
as a production tool fer nine years. During that 
time, increasing production schedules, new manufac- 
turing methods and experience with 24 hour a day 
conditioning equipment operation have made certain 
changes advisable and have furnished a wealth of 
information about industrial process air ccndition- 
ing..... The author summarizes Bayuk’s experience 


in this very practical article 
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power was arranged for, with a transformer installation 
receiving energy at 2400 volts and distributing at 220 
and 110 volts. Because of the large number of small 
induction motors, a low power factor was anticipated and 
to correct this, 150 kva of correction was installed. A 
100 ton centrifugal refrigeration compressor was in- 
stalled in the basement with an enclosed spray pond on 
the tenth floor of the building for cooling the condensing 
water. 

In grouping all the cigar making and the tobacco pro- 
cessing work, a wide variety of air conditioning load 
concentrations appear. For instance, of the 3,000 people 
employed initially, 900 were on the fifth and sixth floors. 
Also on these levels was a suction system removing ap- 
proximately 30,000 cfm as required by the cigar making 
machines. In addition, a high heat load existed here due 
to the 100 hp of installed motor capacity on the cigar 
making units and conveyors. In contrast, the fourth 
floor, used for the final mellowing of the tobacco before 
developing the actual cigar, had a maximum of 30 em- 
ployes and 10 hp. This operation consists of a two 
months’ natural storage treatment of the leaf, and con- 
sequently a negligible heat load is developed. 

Similar load diversification existed in many areas, and 
it required considerable ingenuity to combine the loads 
and apportion the conditioning air so that a minimum of 
conditioning units would suffice. Investigation of the 
relative merits of central station and unit type equipment 
dictated a decision in favor of the divided system. 

With this original equipment as a nucleus, we have 
now had nine years’ operating experience, during which 
time there has been a constant 24 hour daily demand on 
the equipment. Probably no better proof of the essential 
soundness of the original planning is needed than to con- 
sider the doubling of sales of Bayuk “Phillies” cigars, 
all of which are made in this building. 


Increased Production, Developments, Have 
Required Changes 


Some changes have necessarily been advisable. In- 
creased production naturally has increased the load on 
the air conditioning system, particularly in the many 
continuous processing services. These utilize 60 per cent 
of the floor space and production increases are reflected 
in direct proportion in space requirements. Development 
work has resulted in installation of a number of new 
processes of which closely controlled air conditioning is 
an essential feature, and additions have been built to 
provide required space for locker rooms and other inci- 
dental services. However, the general air conditioning 
system has been adapted to serve the new requirements 
with only minor changes, of which the following are 
examples : 

Spray Banks—It was found that the central station 
units, originally equipped with one bank of sprays de- 
livering in the direction of the air flow and another 
opposed, would deliver saturated air when the outside 
wet bulb depression did not exceed 12 F. Under greater 
outside depressions, difficulty was encountered in holding 
the required 70 per cent relative humidity in the manu- 
facturing areas because the air emerging from the final 
distributing ducts would range between 3 and 4 F de- 
pression; this trouble was accentuated when an attempt 
was made to use refrigeration on dry days. The obvious 
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effect was that the reduction in the wet bulb temperature 
was not accompanied by sufficient reduction in the dry 
bulb temperatures on the floors. The result was that 
the relative humidity was lowered below the desirable 
point when the full tonnage was applied to the central 
station unit. 

This difficulty was corrected by arranging both banks 
to spray in the direction opposed to the air flow. With 
this method, the wet bulb depression of the air leaving 
the ducts is less than 2 F even under maximum outside 
conditions of 15 to 18 F wet bulb depression (this in- 
cludes the reheating effect of the fan). The improvement 
in saturating efficiency agrees closely with the data on 
this subject given on p. 184 of the 1935 A. S. H. V. E. 


Guide. 

Nozzles—In these same units, the original nozzle 
openings were sy in. These orifices have been changed 
to % in. to decrease the required differential between 
the cooling water and the leaving dew point of the air 
by raising water to air volume ratio; a further operating 
advantage was obtained since the 4 in. opening does not 
clog as readily as a smaller size, and all recent installa- 
tions have used \% in. orifices or larger. 

Control—Originally equipped with dew point control 
on the central station systems, an alteration was made so 
that the dew point is now controlled by hygrostats on 
representative floors, working within a high and low 
limit arrangement with a master thermostat at the hu- 
midifier discharge. The system is now much more 
responsive to rapid load variations, as caused, for ex- 
ample, by stoppage of the suction system for lunch 
periods, etc. The iimit device prevents too great a 
variation in either direction and is particularly useful in 
maintaining minimum temperatures over week ends, etc. 

Off Peak System—The refrigeration for comfort cool- 
ing and dehumidification as originally installed was of 
100 ton capacity, arranged to serve only the upper four 
floors of the building, where the greatest motor load and 
operator concentration existed. After one year’s ex- 
perience, a heat exchanger was put in to permit securing 
refrigeration from the same compressor and cooled water 
circulating system for the lower four floors. With the 
storage and offpeak system in use, this part of the air 
conditioning system is operated approximately 1200 
hours per year. From this total of compressor operation, 
500 hours of direct refrigerating effect are employed for 
the manufacturing areas and approximately 1500 hours 
are secured indirectly from the storage system for con- 
ditioning the lower dew point areas.’ 

An interesting consideration arises here as to the 
optimum refrigeration capacity or design factor which 
should be used for this type of work. There is, of course, 
no difficulty in maintaining comfortable conditions on 
dry days even though the outside wet bulb may be quite 
high. The maximum demand occurs when the outside 
depression is small, for instance 3 or 4 F, creating a high 
demand for latent heat removal to obtain a desirable 
relative humidity. Our conclusion is that refrigeration 
is invaluable to precise cigar making, and that it is good 
economics to design for a maximum of 75 F outside wet 
bulb in climates similar to that of Philadelphia. Planned 
and installed on this basis, the refrigeration will pay for 
itself in two years in direct saving, without considering 


“Increased Air Conditioning Capacity with Economy,” by R. D. Touton, 
Heatinc, Pirinc anp Arr CONDITIONING, July, 1934, pp. 285-288. 
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the somewhat intangible, though real, importance of in- 
creased quality and uniformity of the product. 

Relocation of Equipment—Conditioning systems for 
some individual areas have been relocated on the ceiling 
to release usable floor space (see sketch). An example 
is the rearrangement of the fan, coolers and filters for 
the general and private offices. Incidentally, this par- 
ticular system was originally arranged with the surface 
coolers on the suction side of the fan. The cooling 
effect is now in the path of the air leaving the fan and 
the fan heat can be absorbed by the cooling surface, 
setting up a greater differential between the cooling air 
and the office temperatures, with the same refrigerant 
temperature as before. 

Entrained Moisture—One of the major problems in 
cooling this space is the removal of considerable amounts 
of latent heat produced by infiltration from the adjacent 
manufacturing areas which are held at 70 per cent 
relative humidity. Since a comparatively large amount 
of water is extracted from the air to obtain the required 
relative humidity in the offices, it was felt that a blow 
through system might cause entrained water to leave the 
coolers and pass out into the duct system, resulting in 
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undesirable dripping in the conditioned space. To pre- 
clude this possibility, the air velocity through the surface 
was held to 400 fpm and a long drainage section was 
provided on the discharge side of the cooling surface. 
This has been entirely satisfactory even with the cooling 
water at its lowest temperature of 40 F. The system is 
served by stored refrigeration, as previously described. 
In a new program, the air velocity through one of the 
central station humidifiers was increased to approxi- 
mately 750 fpm. As expected, entrained moisture was 
then observed leaving the eliminators. As it was im- 
possible to reduce the velocity by increasing the cross- 
sectional area of the humidifier, this was corrected by 
installing an 8 mesh per in., 20 ga copper screen in the 
humidifier chamber directly in front of the eliminators. 
There has been little perceptible change in the static 
resistance of the humidifier and the difficulty with the 
entrainment has disappeared completely. This same 
device has been employed satisfactorily where the amount 
of water handled in a spray chamber was increased and 
it was inconvenient to add more deflecting and impinge- 
ment surface to the eliminators. 
Air Delivery—The distributing ducts originally in- 


Rearrangement of equipment for general and private offices on 


the ceiling released usable floor spaee. 


Surface coolers are 


now on the discharge side of the fan to absorb fan heat, setting 
up a greater differential between cooling air and office tem- 
perature with the same refrigerant temperature as before 










































































een “y —- b aa KS ; = . 
a 7 18 
< a | 
u D 9S > os 4 S i 
WY S a 2 =e a z . 
7 Sze 2] Nee i|3 
W *. S < NES } S 
MK rsd d s* 8 4 
9 c= 5 rs NY 4 ines ; 
» 5S * NN 
ct 8 =| Nass 118 : 
~ sg‘ $| Nsé 1h) > 
“ 3Vz £ Nie PP sy] 2 t 
& 2. 6, NY SS 113) & , 
ly 1 3 iS >} wu k 1 
PL 8 =| N&8 cH |S s 
< = Qk iS NY 2 htt tS 
Pes e Fe 2 NY SH ta! & 
S Ent & a ~ \ i ‘3! = ; 
vs N 3 Sb me Ss i 
acl HT N3s | SHES 
SS SSS SO\ . > ohgieagttgdt ai 
YG 8 af a 
v = | Ni 2S ‘ 
$ % Ph | ‘S . 
“a ! a ve 
, & ' & r 3 S 
| = x > = = tA tc of 
; 9 Seas x re: 2 pp ft 
4 9 ‘ e Ss! Shir ‘<s : a 
« 0 
Ww x ye || ——s_ 2 28 
U ‘ ' \ ck, >i! Q > 2 
~ y] & ‘ pw ee: he S & 
n 5 ¥ =. Sate || HE a 
u r| 3 ; x ; ene Yaad || 4 ee & 
~ 2 rw) ‘ w u —— a 5 . 
9 q 5 H 9 iS 7 fly f 
Ht 2 * a y= G2 § } 
% 8 ns a % U 
» \ as 2.2 ~~ Vy ; 
S , WN & P t= S 
y - nn = | NS'g S ‘ 
4 N S 
“e QS v u Nie i e S , 
£0 Eo Ng & NY hb “@& o 
) Sy 5 8 > 2a N ; es 
x fF 29 es 82. & 2 N ; 2 §s 
te 5 
Ww ek Sy yet{[ eX f BY] Ny ; SYS 
aa Se ad cs f& & Bee . 
eS i a xx 6s ” N . $9 > . 
es SLHlLeo F _> & q a ial 
a ge eR NER v s2* AN 5 ELD P 
Sec ss SP © 38 N Lae ; 
sin SQM NE .. = & a ook 
E SE 88 . a. a h ges 
©‘ $2 “ 7% NN Q. 8 J 
97D % N N —-f> 
; E a > as RY ; Vs & 
RWRVAVVBAVWWWAY aC) e.3) C4 £ dX A y S d 
: \ ete : 
> J 
: =) 
A 

























































































SECTION AT FAN 


CROSS 
























January, 1936 


stalled for the manufacturing areas delivered the air 
horizontally from a central main through low pressure 
diffusers at approximately 500 fpm. In a number of 
instances this arrangement has been changed to use the 
same diffusers placed on the bottom of the duct, with 
suitable perforated deflector plates. Where necessary, 
additional branch ducts were run out from the central 
position to provide for proper distribution. The obvious- 
ly more direct and efficient effect of air delivery in this 
manner has been of decided value during the months 
when cooling and dehumidification are required. This 
is particularly true where the ceiling above the condi- 
tioned space has a higher surface temperature than the 
area in the room, as occurs under processing chambers 
and the roof. 

Conditions Maintained—Determination of the proper 
air conditions to be established in the manufacturing 
areas provided an interesting study. The original 
thought was that 70 to 72 F dry bulb would be suitable. 
It soon became evident, however, that due to the rapid 
air movement and other factors, so low a temperature 
was not desirable. A satisfactory level has been estab- 
lished at 77 F dry bulb during the winter months and a 
range of 77 to 80 F during the summer when cooling 
is used. At the standard relative humidity of 70 per cent 
this corresponds to wet bulb temperatures of 70 to 72 F 
and, naturally, lowers considerably the refrigeration load 
over the original calculations. Incidentally, 77 to 80 F 
dry bulb, with relative humidity of 45 to 55 per cent, is 
most desirable for the offices. 


Life and Construction of Equipment 


The following table of estimated and determined life 
of certain parts is based on observation of this equipment 
and that in our other buildings. The duty is in each case 
continuous—24 hours per day: 


Probable 
Recommended Maintenance Years of 
Part Material Schedule Life 
Humidifier tanks ....... Galvanized iron, hot 
asphalt coated in- Re-surface every 
GES aessosdenn OP OD ck sswenses 15 
Humidifier casing....... Galvanized iron, hot. «.\** 
asphalt-«coated in- ~Ré-sti¥face every 
SS -vevuescvaveus SD SURED ccecricacs 45 
Humidifier piping ...... Galvanized, copper 
bearing pipe .... Paint every year..... 20 
Humidifier eliminators ..Galvanized 
—dipped in hot 
asphaltic solution 
before erection .. Paint every year..... 8 
I ONE oe banvc tou Brass, chromium 
PE: teiatibcte snecpitcdtbenasnseces 2 
ED dccnedacsant Galvanized: ron . Paint every 6 
ee 10 
PE inne kvdansee Galvanized iron ... Paint every 6 
RED. aadctasuce 15 
Fan inlet cone ......... Galvanized iron ... Paint every 6 
Ey vhdeavenes 5 
Condenser tubes for 
refrigeration ........./ Admiralty metal or 
copper Med qed ccc cccccccccccvccsee 15 


It has been found advisable to use corrosion protected 
metals for fan, wheels, housings and inlet cones with all 
draw through humidifier systems. Due to their usual 
inaccessibility, special care must be taken to insure proper 
cleaning and painting of eliminators. The humidifier 
casings, as constructed of galvanized iron and coated with 
hot asphalt, have not shown evidence of corrosion. The 
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tanks, however, developed pin hole leaks after approxi- 
mately one year and were then resurfaced with a hot 


asphaltic coating approximately ¥% in. thick. With the 
water available, steel condenser tubes required yearly 
replacement. Distributing duct maintenance has not 
presented a serious problem, and no deterioration has 
been evident. It is our definite impression, established 
from service records of over 50 units and central stations, 
that it is not economical to economize on original instal- 
lation by using black iron or the lighter gages of gal- 
vanized metal for any portion of an air conditioning 
system. In each case where such materials were used, 
early replacement was necessary. In general, major 
repairs and replacements have not been required. It is 
estimated that less than 1 per cent of the original instal- 
lation cost is an ample yearly allowance for maintenance 
work on all portions of the system. 


Building Insulation and Double Sash 


The much discussed insulated building performs its 
function admirably.*, Two inches of cork board provided 
for all exterior walls and roof prevents condensation 
perfectly whenever applied over brick and tile. On con- 
crete beams and columns, however, where the concrete 
extends directly to the exterior, a greater thickness or 
local heating is required. It has been noted in process 
rooms carrying a high dew point differential that cracks 
in the plaster surface permit condensation to enter the 
cork structure, causing early decay. Tests have shown 
that for this type of service a plastic sealing surface is 
advisable. This may be impregnated into the sheets 
before erection or applied as a finish coat, and is 
preferably of asphalt emulsion or similar material. 
Routine inspections are made to locate exposed cork 
in order to permit local repair before moisture enters in 
a serious degree. 

At the temperature and dew point levels carried in 
this manufacturing practice, the advantages of complete 
insulation are decidedly apparent and need no comment 
here. Also, the possibilities of indirect heating, economy 
of fuel, close control of atmospheric conditions and pro- 
ductive use of all floor space are due in large measure to 
the insulation. Since the erection of this building, all 
construction carried on by Bayuk has included thermal 
protection. 

The experience with double fixed window sash has 
been interesting. Due to the high dew point carried, it 
was necessary to run steam coils made up of 2 in. pipe 
along the sill between the sash to eliminate condensation 
under low temperature extremes. The economy of double 
sash has been quite evident. In some office areas, how- 
ever, window openings were later installed principally 
for psychological reasons. 

A number of increases have been made in tobacco 
processing and storage, many of which required refri- 
geration. For these services, ammonia systems have 
been installed in the basement of the building so grouped 
as to the required temperature of cooling mediums that 
two large systems, one delivering water at 45 and one 
at 55 F, distribute the refrigerating effect to the nine 
enclosures in which cooling is required. It should be 
pointed out in this connection that the advisability of 





“Insulation Decreases Load on Industrial Air Conditioning Plant by 
One-Third,” by R. D. Touton, Heatinc, Pirinc ano Arr ConpiITIONING, 


June, 1931, pp. 453-457. 
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ample storage for intermittent refrigeration systems and 
of off peak operation has been clearly demonstrated. 


Water Treatment Prevents Sludge Formation 


Large volumes of air are constantly withdrawn from 
the cigar making machines by the suction system holding 
the leaves in place for the rolling operation. This air is 
then passed through filter type dust arresters and re- 
turned to the humidifier for reconditioning, and a con- 
siderable amount of sludge is formed in the humidifier 
tanks. At the end of a week’s operation, the services of 
two men for six hours were required to clean thoroughly 
the casing tank, eliminators, nozzle and piping systems. 
More serious than this, however, was the progressive 
diminishing of saturating efficiency as the nozzles be- 
came clogged toward the end of the operating week. 

Attempts were made to discover a suitable water treat- 
ing agent which would prevent the formation of this 
sludge, but the early experierices in this connection were 
disappointing. A satisfactory treatment has now been 
found, however, which practically eliminates clogged 
nozzles and maintains the correct pH value in the re- 
circulated water. Total cost of the treatment is less than 
the cost of the former manual cleaning, with the addi- 
tional advantage of constant air saturation. 

Too great stress cannot be laid on the careful operation 
of air conditioning. To insure this, the designer should 
be doubly careful to avoid complicated, over-delicate 
controls and superfluous gadgets. A number of new 
devices have been developed for our application in some 
of which the permissible variation is less than %o F, and 
a total of more than 50 controls are in service, but it is 
our impression that strong emphasis should be placed on 
ruggedness and simplicity. . This is the only method of 
avoiding possibility of operating error and interference 
to service. 

Cost of Air Conditioning 


A condensed but illuminating method of estimating 
the value of air conditioning is to divide the cost of daily 
operation by the number of operators. In so doing, we 
arrive at the important fact that the total fixed and oper- 
ating costs of all the systems, including processing, are 
equal to less than 3c per operator per day. A similarly 
significant condition is observed when the above costs 
are compared to the total pounds of tobacco handled. It 
is then determined that, per pound of tobacco, the air 
conditioning cost is less than 4c. In this consideration, 
it must be remembered that the tobacco does not travel 
through the building rapidly but that material is always 
in process for three months’ production. 

There can be no question but that full preservation of 
the inherent goodness of the costly tobaccos—traceable 
directly to the use of complete air conditioning—and the 
more accurate workmanship and greater productivity of 
highly skilled labor are reflected in a degree which re- 
turns these small costs many times over. Experience is 
always the conclusive test of value. Excellent oppor- 
tunity has existed and is constantly present for critical 
observation and, fortunately, it has been possible to make 
alterations and incorporate new methods immediately as 
required to meet changing production schedules and 
manufacturing procedures. 

In summary, we find that this air conditioning appli- 
cation provided a basis for smooth operation at once. 
Now equipped with 500 hp of motor capacity and circu- 
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lating 300,000 cim of air in seven distinct classifications 
of duty, it is meeting the production demands of the 
largest selling cigar in the world. It conditions the 
space used daily by more than 4,000 people and prepares 
the atmosphere in the manner best suited to comfort and 
efficient production without regard to weather fluctua- 
tions. It has been demonstrated beyond doubt to be an 
important and remunerative production tool and, more 
than any other, serves to hold all manufacturing com- 
ponents in perfect balance. The often expressed con- 
sensus is that the system, with its flexibility and its many 
purposes, serves its owner consistently and well. 


Pioneer User Says Air Conditioning Pays 


Widely publicized when opened in February, 1928, 
as the first air-conditioned office building, the 22 story 
Milam building, San Antonio, recently was sold at pub- 
lic auction. This, however, does not mean that the 
building with its innovations (it also was at the time of 
its construction the 
tallest reinforced 
concrete frame 
building) has been 
a failure. The truth 
is, according to 
Manager M. A. 
Snyder, that during 
years of the depres- 
sion the Milam has 
enjoyed a_ higher 
occupancy percent- 
age than the aver- 
age Class A struc- 
ture in San An- 
tonio, and today its 
obsolescence is less 
because of air con- 
ditioning. 

Mr. Snyder,sum- 
ming up the Mi- 
lam’s experience 
with air condition- 
ing, said: ” We have 
found it expensive, 
but the expense has 
been justified.” To support his conclusions he has col- 
lected testimonials from many tenants. Following are 
a few of them: “Offices are worth 50 per cent more 
with air conditioning.” “Thirty per cent more efficiency 
in the Milam building.” “Be willing to pay $20 to $30 
more per month for same office space—makes work a 
pleasure.” “My rooms are like springtime, an ideal 
atmosphere.” “It means an increased number of visi- 
tors during the hot summer months.” 

Air conditioning solved a generally difficult problem 
for the Milam in that it has profitably rented a large 
area of its basement to a cafe practically ever since the 
building was completed. The management has estimated 
that in normal times the revenue from basement space 
is increased, by reason of air conditioning, about 50 per 
cent and on other space 10 to 35 per cent. Air con- 
ditioning also enabled omission of direct radiation ceil- 
ing fans, and transoms for ventilation. Further savings 
are effected in cost of cleaning and painting because win- 
dows can be kept closed. This system was described 


in the July, 1929, H. P. & A. C. 











ESTIMATING PIPING 


—NMethod Outlined, Principles Explained 


N estimate is a prediction of a cost. For this 
A reason the operations of estimating and cost keep- 

ing have much in common and estimating is 
made clearer and more convenient by arranging the 
work with this in mind. Actual construction is started 
with plans and lists of requirements. This is followed by 
the purchase of material and the labor of construction. 
Finally the costs of material and labor are brought to- 
gether, overhead is added and the cost is completed. 
For an estimate, therefore, there must be plans and lists 
of material. Following these instead of actual purchase, 
comes a compilation of prices and in place of actual con- 
struction, an estimate of the labor required, and of over- 
head. To the items that naturally come to mind as di- 
rectly used in this connection there must be added the 
others that so often upset otherwise excellent estimat- 
ing work. These comprise the contingent items, such as 
erecting scaffolding, moving interferences, changing and 
repairing existing structures, cleaning, and such others 
as may arise but are apt to differ widely from one job 
to another. To compile a good estimate requires experi- 
ence, but much can be done by proper preparation of data 
and the collection and use of information easily available. 


The Plan 


The work to be estimated must be shown on some 
form of plan. This may comprise complete detail draw- 
ings with explanatory specifications, or at the other ex- 
treme may be a simple flow diagram on which pipe sizes 
and brief service requirements are noted. In either case 
there must be sufficient data for the listing of all the 
material required with the proper sizes and service con- 
ditions. There must also be information regarding the 
locality and general working conditions so that the esti- 
mator can form a good idea of the methods to be used 
in actual construction. For most estimates the simpler 
plans are sufficient, especially if they indicate the fea- 
tures of the system in its more important details. 


List of Materia] and Costs 


The list of material can best be arranged on a definite 
form which may be printed or may be simply penciled on 
the work sheets. The important information required 
includes the name of the piece, its brief description, class 
and size. These headings should be followed by col- 
umns for list price, discounts, net price, and finally for 
quantity and total price. Freight may be added, though 
this is usually handled as a separate addition to a group 
of items 

When the material is listed, the cost of each item must 
be filled in. For costs it is necessary to have available 
catalogs and cost sheets covering the class of work to be 
done. The catalogs of the larger supply houses can be 


relied on for accepted list prices of material such as 
valves and fittings. 


Pipe may be included in these, or 
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may be shown on a separate “pipe card” giving net prices. 
Hangers and erection details are frequently covered in 
separate catalogs. Such items as pipe bending and flang- 
ing and the welding of standardized forms are now listed 
by the larger fabricators and prices and discounts may be 
obtained in catalog form and used with the same cer- 
tainty as those for fittings. Price information must be 
accompanied by corresponding discount sheets so that 
net prices may be figured. Weights are rarely shown 
in catalogs but should be obtained where required for 
estimating transportation costs and, in some cases, erec- 
tion costs. In using prices it is sometimes necessary to 
distinguish between factory prices and stock prices. Espe- 
cially with some grades of pipe, a slightly higher price 
must sometimes be paid for material from warehouse 
stock. 

A matter that should be kept clear is the changing 
designations of piping materials. For many years the 
piping trade recognized “standard”, “extra heavy” and 
“double extra heavy.” These, with such specialties as 
ammonia and hydraulic material, made up the list. The 
wider use of steam and processes at much higher pres- 
sures and temperatures has resulted in an entirely new 
series of pressure classes beginning at 150 lb and going 
up to 1500 Ib. These various classes are clearly shown in 
the catalogs but usage has not yet made them sufficiently 
familiar to prevent misunderstandings in interpreting 
specifications. 


This outline of the procedure for estimating piping 
has been prepared in answer to a number of requests 
from readers of H. P. & A. C. who have been able to 
find but little published data on this important sub- 
ject.....Intended primarily for the beginner rather 
than the experienced estimator, and especially for 
men in relatively small organizations where such in- 
formation is not readily obtainable, the various 
items of an estimate are explained, an example is 
presented, and the principles of estimating are dis- 
cussed..... A second article is contemplated which 
will give suggestions for working up preliminary in- 
formation such as must be available before estimat- 


ing is commenced 
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Cost of Labor 


The cost of labor cannot be itemized in the ordinary 
sense. On larger work this cost fortunately forms a rea- 
sonably uniform ratio to the cost of materials, and can 
therefore be handled as a percentage to be added to the 
total material cost. Naturally, this percentage will vary 
with the character of the work and the selection of the 
proper value forms an important part of estimating which 
must be based on experience and for which no price list 
can be arranged. The novice must depend on advice for 
this item until he has accumulated sufficient experience 
and cost data to ; 
bring his guesses 
into the “edu- 
cated” class. For- 
tunately it will be 
found that the 
general trend is 
fairly easy to 
grasp and reason- 
able approxima- 
tions can be ar- o 
rived at after rel- 
atively little esti- 
mating work. The 
percentage of la- Control valve. i 
bor will be low for ‘ 
fabricated piping 
where little more 
than assembling is 
done in the field. 
For work where 
fabricating is largely field work, which usually includes 
work done in field pipe shops, the labor is higher. This 
does not always mean that the total cost is higher be- 
cause the cost of shop fabrication is correspondingly 
reduced. For general miscellaneous pipe work the 
labor cost can be assumed to run from 30 to 50 per cent 
of the total cost of materials. Very small work some- 
times runs up to 100 per cent. Instrument piping 
may be more or less, depending on its character. These 
figures are intended to convey the roughest idea of the 
general relations that may be expected and of course 
should not be used on actual work without checking with 











Gale valve. 











Sketch of turbine lead used as 
example of method of estimating 


cost data. 

For welded piping the labor problem is quite differ- 
ent. Nozzles, branches, and all reasonable fabrication is 
done in the shop either of a fabricator or in the field. The 
actual erection includes the placing and welding of the 
main joints. Costs for the several types of welds can 
be approximated from fabricators’ catalogs and from 
general welding data. Here again actual cost figures are 
of prime importance; no important work should be un- 
dertaken without them. 

For the very small jobs it often is unsafe to estimate 
labor as a percentage. A more reliable prediction of cost 
can usually be made by summarizing the actual work to 
be done and forming a mental picture of the time and 
number of men required to do it. This should be re- 
duced to “man hours” and priced by the payroll; to the 
total payroll should be added the proper overhead for the 
labor involved. Actual experience in piping work is of 
the greatest value in judging costs in this way. 

As implied above, the cost of labor overhead is usually 
included with the labor item. Additional overhead not 
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directly connected with the labor may be cared for as a 
percentage or estimated separately, and included under 
such headings as Purchasing, Field Office, Engineering, 
and so on. 


Example Shows Use of Suggestions 


The following example gives a practical application of 
these suggestions. In order to focus the attention on the 
method rather than on prices and values, these latter have 
been intentionally distorted and should not be considered 
typical. 

It is assumed that a steam lead is to be run from a 
header to a small steam turbine; the layout is shown in 
the sketch, which is of simple isometric type but shows 
all the essential parts. The dimensions and notes give 
such additional information as is required for selecting 
the proper sizes and types of material for the service. A 
spring hanger is shown, one being sufficient for this rela- 
tively simple line. The control valve is shown as an indi- 
cation of the special items that are often included in 
this work. 

The estimate is shown by the table. First the ma- 
terial is listed, taking it class by class and working along 
the pipe to avoid overlooking any items. The list prices 
are taken from catalogs and the discounts are noted. 
Then the net prices and the total prices are figured and 
totalled. Items like the control valve will not be found 
in the usual piping catalogs, so prices for such items 
must be obtained separately from the manufacturers and 
added to the regular piping material. The spring hanger 
also is included as a separate item. 

The freight is estimated from the total weight, which 
may be summed up separately or shown on a column di- 
rectly on the estimate sheet. If the several items or 
groups of items are to be brought from widely differing 
localities, it is necessary to estimate the freight on each 
separately and add the total. 

It is assumed that this piping has been completely 
shop fabricated from a properly prepared drawing and 
that therefore it is necessary only to place the parts and 
make up the joints. For this reason, labor is estimated 
in man-hours, making allowance for the part that must 
be done on Sunday. Overhead, in this case, is figured as 
a percentage on labor. 

Covering is usually separated and should be estimated 
in detail in the same general way as the piping. The 
total is added to the cost of the piping erected. 

As examples of extra and contingent items which must 
always be anticipated it is assumed in this case that a 
wall must be cut and repaired to provide an opening for 
the branch pipe, and also that an electric light must be 
moved to clear the new work. 

The total thus obtained is the prediction of the cost of 
doing the actual construction. If plans are to be included, 
they must be estimated separately. For an organization 
doing work with its own forces this usually completes 
the cost, but if it is to form a contract the contractor’s 
office overhead and profit should be added. 


Method Same for Larger Jobs 


The example given is a very simple one. For more 
complicated piping systems the method is the same ex- 
cept that it is expanded to suit the more elaborate work 
and the numerous items. The work of preparing such 
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an estimate is simplified by preliminary planning. The 
several systems are separated and each analyzed into its 
main and secondary lines. Wherever possible, the esti- 
mator should take advantage of duplicate lines to reduce 
the work of itemizing. 

In large systems the fabrication is often divided be- 
tween shop and field work and this division can usually 
be anticipated by studying the general features of the 
various lines. Shop work can be estimated by using the 
unit costs for different items of shop fabrication work 
as previously mentioned. Field labor is a part of erec- 
tion and the “percentage of material” method of esti- 
mating labor usually fits this work well if the percentages 
are carefully worked out and based on records of rea- 
sonably similar constructions. 

In the large systems, the items of associated work 
and contingencies are particularly important. On new 
construction there is always the chance of interference 
from other parts of the work and the disarrangement of 
schedules by late deliveries and other delays. Where 
pipe lines and systems are to be installed in open country, 
provision must be made for the delivery of material and 
construction equipment at the site and for the peculiari- 
ties of the weather at the time of erection. If the new 
construction is to be installed in existing buildings, even 
more careful surveys of the site must be made before esti- 
mating because interferences may introduce particularly 
difficult construction methods or may involve expensive 
removal costs; this is most important in underground 
work. Another matter that requires careful inspection is 
the strength and stiffness of structures relied on for sup- 
port, not only for the finished work, but during construc- 
tion as well. These may need temporary or permanent 
strengthening. Here again supply of material must be 
looked into, as close clearances or weak substructures not 


Estimate for Turbine Lead 


Main Steam System 150 lb 550 F 








List Net Tora. 
ITEM KIND Cass Size Price Discounts Price QuUAN.PRICE 
Vai os ces a6 Fl. OGY ..2«. 6... CEaee 25+10.. $78... 1...$ 78 
anes «00 Pe Gee cekwcltes Bilis cecesbes 30... 306.6 3 104 
“ ..Control....Diaphragm....4.. ——.....0.00. amsig BOD... Acer B80 
Bsanccctet MOBI, iicss seas Bae Bsacsns 40+10.. 12... 2... 24 
es cc ocssans 10 Dia. Rad...4..  Prrer 60+25.. 10... 2... 20 
Flanges. .Van Stone. Raised Face..4.. 25..50+254+10.. 9... 9... 81 
oe eee! | ee ee errr 40..0.90...40... 36 
Nozzle...Welded... Fl. 90°...... é6.. 21..40+25+410.. 9... 1... 9 
$502 
IIL | 1s on 0d w vedi n abe babe Dae eeek s Ghia a tek ee ee he $166 
Labor: 
Apply nozzle to 12 in. main, Sunday, 
Man & helper, 4 hr @ double, 8 hr @ $1.75.......... $14 
DR? Gehadese etek hh eda ee fae he | | 21 
| SE ee ry eae aes Gi @ Bbc csvtviven 6 
PL pic ndctecd. tape van baie beiaenateud sucmankpe 5 
$46 
RIN CD it lie alee Wie Ou pies ues alae 46 
PR wane ack dense edunehwedeneeeasisenthaababeneaaeee $ 92 
Pe SINE occ oCivedebecchewe kanbusad eednulecaudbadhwed 80 
IEE. Coc. J. coe makutGe este balend hae tkabetkemaninwel a $790 
CR Ne sa dite cedeccecccsk ceeuhbadedesssnsaseusbeceuausee 80 
Co ee OO SE, Cn oc cnt seb enedenvaneaenpesuennewerhed 12 
I Eilon: snes Ka keicie yoo tue wanna aeakbe bee tke es 8 
eu ksh onanrnitend eae R eh eckw a ees eeeeeen $890 





[Note—Prices have been intentionally distorted, but give general appli- 
ition of method.] 
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infrequently require use of special construction to permit 
passage for the work. 

These notes on estimating are intended for the assist- 
ance of the less experienced estimator to whom the sub- 
ject presents itself as something of a mystery. For this 
reason several points are covered that may appear unnec- 
essary but which have proved to be matters of uncertainty 
to many. The article is intended to supplement practical 
experience on the part of the estimator and his associates 
and suggest methods of using this effectively with cata- 
log costs. In estimating, more than in most activities, 
genius is the capacity for taking infinite pains. A few 
fortunates can very closely approximate costs by a sub- 
conscious use of long experience, which seems like pure 
guesswork to the uninitiated. As a rule, however, these 
guesses are the result of infinite pains expended in the 
past. For the majority, the safe plan is the more tedious 
one of making use of every available source of informa- 
tion and a conscientious attempt to fill in the blank spaces 
by outguessing the future. 





[Continued from page 13] 


72 per cent was the figure upon which the analysis pre- 
liminary to the change-over was made. 


Fifteen Men Operate, Maintain Heating and Air 
Conditioning Services 


Heating, piping and air conditioning engineers will 
find the Palmer House of unusual interest in many other 
respects. Although but few people stopping at a mod- 
ern hotel realize the extent of the heating, piping and air 
conditioning services probably no other class of build- 
ing utilizes them to any greater measure. For instance, 
15 men are required to operate and maintain the heat- 
ing and air conditioning equipment at the Palmer House ; 
an average of 800,000 Ib of steam are required per day 
for heating ; 1200 tons of washed air are supplied per hr ; 
there are 300 tons of refrigeration capacity for air con- 
ditioning ; 650 tons of sheet metal duct work—entirely 
concealed, a feat in itself; and 375,000 sq ft of equivalent 
direct radiation. 

This hotel has been using air conditioning for its pub- 
lic and private dining rooms since 1925. There are 31 
supply and 35 exhaust fans whose combined capacity 
approximates 1,100,000 cfm. Most of the supply fans 
and the reinforced.concrete air washers are in the sub- 
basement; others are on the 5th and 24th floors. The 
exhaust fans are on various floors, discharging either to 
the roof or to the boiler room to maintain reasonable 
temperatures the year around and to supply air for 
combustion. 

The engineering department of the Palmer House has 
always given close attention to pipe fabricating methods, 
has employed both arc and gas welding for many years, 
and was one of the first organizations to use welding 
fittings. 

The courtesy of Mr. J. E. Hill, Superintendent of the 
Palmer House, Mr. P. H. Mahoney, Mechanical Engi- 
neer, Mr. E. D. Benton, Combustion Engineer, and Mr. 
Norman Douglass of Thomas J. Douglass & Co., who 
were the contractors for the gas and oil change-over, all 
readers of H. P. & A. C., in cooperating in the prepa- 
ration of this article is gratefully acknowledged. 








By Lester T. Avery* 


HEN an existing room is surveyed for summer 

cooling and dehumidifying it must be accepted 

as built and the necessary air conditioning equip- 
ment applied to it. In many cases the room is suffering 
from excess heat which may to a certain extent be con- 
trolled or prevented. Good engineering requires study 
of these sources of heat to determine if it is more eco- 
nomical to block it away from the treated space, or if 
refrigeration equipment shall be increased in capacity to 
produce the required results. 

All buildings suffer from undesired sources of heat at 
certain times. Offices and residences are often over- 
heated from sun rays; rooms may be overheated from 
steam pipes passing through to rooms on higher levels, 
even though these pipes are behind walls; a hot chimney 
has often caused overheating where it passed near oc- 
cupied quarters. Not only must the space which is to 
be air conditioned be surveyed but the surroundings must 
also be checked. What is the space used for which is 
above and below the treated space and at the sides, and 
what is the construction of the barrier between? Many 
disappointments have come with the installation of sum- 
mer conditioning because one or more such factors have 
been overlooked. The following paragraphs emphasize 
the importance of a complete, careful survey with the 
idea of making such changes in the building as are eco- 
nomically sound before applying summer air condition- 
ing equipment. 


Restaurants Are Greatest Offenders 


The restaurant is probably the greatest offender in 
having undesired heat sources. ‘The sketch is a floor 
plan and sectional elevations of a restaurant which is 
a composite of two restaurants surveyed; undoubtedly 
there are single restaurants in operation which have all 
of these heat producing sources so that the example is 
not necessarily an exaggeration. The individual factors 
may occur singly or in combination in present structures 
to a greater or less degree. 

The restaurant under consideration is on the ground 
floor corner with the building set back above which per- 
mits the sun to beat directly on the roof. It faces south 
and west with glass windows on both sides and the en- 
trance at the corner. The boiler plant for the building is 
in the basement, and partially under the restaurant. 
The building construction is ordinary, as found in many 
older buildings, and the coffee urns and steam tables were 
installed with relation to service, and with no provision 
for removing steam or heat. 

The restaurant has 5 employes and seating capacity 
for 55 patrons. In the show window on the west side 


*President, Avery Engrg. Co., Cleveland, Ohio. 





Keeping the Heat Out of ‘Treated Space 


Leads to Economy in Air Conditioning 
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Plan and elevation of restaurant 
used as an example to show how 
treatment can reduce required ca- 
pacity of air conditioning equipment 


there is an open pancake and waffle grill, or possibly a 
doughnut machine. The kitchen range is directly against 
the dividing wall between kitchen and restaurant, hooded, 
to be sure, but not thoroughly insulated, so that the wall 
behind the range is warm. Also; the stack from the 
boiler comes up in a corner withone side against the 
restaurant wall. 

Table 1 shows the various heat sources, first for the 
restaurant as it exists and second after the application 
of corrective treatment. In setting up the recommended 
treatment the author has endeavored to stay within min- 
imum economic limits ; further reduction in the heat gain 
could be secured by more thorough insulation or other 
changes involving somewhat more cost. These factors 
should be considered and discussed with the owner, and 
he may be encouraged to do all of these things and to 
do some of them in a better way than outlined in the 
table. Various considerations are involved, including the 
important one of whether the space is owned by its oper- 
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Study of heat sources when a space is being surveyed 
for summer air conditioning and proper treatment to 
reduce or eliminate excessive heat gains is required 
for economy in the first and operating cost of the 
equipment. Because restaurants are perhaps the 
greatest offenders in having undesired heat sources, 
the author considers an example here, shows how the 
application of insulation and other corrective meas- 
ures can reduce the necessary cooling capacity to 
nearly half that otherwise required. The same prin- 
ciples outlined for this example apply as well to 


other types of conditioned spaces. 


ator who is paying for all changes to the structure and 
all operating costs and will continue to use the space 
for many years, or whether the space is leased or may 
be converted to other uses within a few years. 

The author is reminded of a discussion with an owner 
three years ago who first considered summer condition- 
ing in a new restaurant of fairly large size which was 
to be equipped with two double batteries of 10 gallon 
coffee urns. Other restaurants in this same chain had 
these same coffee urns directly accessible to counters and 
tables, arranged for the shortest travel between service 
and urn by the waitress. The owner had no sympathy 
whatever with the suggestion that the urns be hooded, 
as this would spoil the open effect of the ceiling and 
would require hoods dropped down in the center of the 
room which would be unsightly no matter how orna- 
mental in finish or construction. He was very definite 
in stating that there was absolutely no other place to 
install the urns which would be equally serviceable from 
a restaurant efficiency standpoint. Three years’ experi- 
ence with summer air conditioning has so changed his 
point of view that his restaurants now have coffee urns 
in alcoves off the dining space proper and provided with 
hoods and positive exhaust fans. Not only is the heat 
and moisture removed, but the appearance of the res- 
taurant is improved; and while it may require a few 
more steps for the waitress to secure the coffee and 
deliver to the table, the patron is willing to wait because 
he sits in an atmosphere of comfort and is not in such 
a hurry to get out on the street where “the air is better.” 


Methods of Reducing Heat Gains 


The items of Table 1 are discussed briefly below to 
explain some of the problems and suggest solutions not 
incorporated in the table. The coefficients of heat trans- 
mission and other factors used are from the Guide of the 
American Society of Heating and Ventilating Engineers 
and other reputable sources readily available, and are 
therefore not repeated here. 

Venetian Blinds and Awnings—The west wall is 


Heating - Piping 2 
air Conditioning 3 





mostly window and the brick portion below and above 
the window and at the sides is accepted “as is” with 
no recommended change. The west show window may 
be protected with awnings. Outside venetian blinds are 
even better, as some owners object to the fire hazard 
of the canvas awnings. If the owner objects to any 
outside sun protection, venetian blinds may be used 
inside, preferably aluminum coated, and maintained at 
an angle always to reflect sun rays outward rather than 
inward. The conventional venetian blind arrangement is 
generally unsatisfactory, as the manager insists on main- 
taining the vanes horizontal to permit light to come in 
and patrons to see out. In this position the vane redirects 
the sun rays into the room and the heat gain is as great 
as if there were no protection. Even with the vanes 
closed the blind acts as a “panel heater.” 

Wall Insulation—The south wall has show windows 
about halfway back and brick the balance. Any insula- 
tion treatment on the brick would have to be done inside 
and if the owner would consider general intericr re- 
decoration, an air space with insulated plaster base or 
wood paneling would be worthwhile. The brick will 


Table 1—Heat Gains to Restaurant Before and After Application 
of Corrective Treatment 





Heat GAIN IN 
Heat GAIN IN Bru per Hr 
SuRFACE OR MEDIUM Bru per Hr Usine Insuta- |Types or Inst} 
From Wuicu Heat Wrrnout Insu- TION, AWNINGS, LATION AND 
GAIN 1S OBTAINED LATION, AWNINGS Hoop Exuaust | Orner Mernu- 
or Orner Heat | ano Orwer Heat) ops or Repvuc- 
REDUCING REDUCING ING THE Heat 
EQUIPMENT EQuIPpMENT Gain 


: | 
SENSIBLE | LATENT|SENSIBLE | LATENT 


West Wall—Sunht 1380 1380 No insulation. 
West Glass > 2440 | 2440 | Awnings. 
South Wall—Sunlit 4685 4685 | No insulation 
South Glass : 3660 3660 Awnings. 
Entrance Wall—Shaded 330 | 330 Shaded. 
Entrance Glass | 1550 | 1550 | Shaded. 
Roof—Sunlit.. .. 33310 6245 | 4 in. rockwool 
fill. 
Floor Over Boiler Room 9330 | 1645 | 4 in. rockwool 





| fill. 
Inside Wall, Lobby, 

Toilets, Stair | 6210 | 6210 
Kitchen Wall 1520 | : 175 
Wall Back of Range and! 


No insulation 


Rockws ” | fill. 

















Smokestack 2635 : 405 Aluminum foil 
and rockwoul 
fill. 
Skylight . 595 | 595 No insulation. 
Sun Load—West Glass 28800* | 3600* | Awnings. 
Sun Load—South Glass 35305 | 7655 Awnings. 
Sun Load—Skyhght 21120 10800 White shade. 
Lighting. . ‘ None 10200 Lights used with 
| | awnings. 
Steam Table. . 7200 36000 3600 18000 |Hood exhaust. 
Two 10 Gal Coffee Urns 8000 | 8000 4000 4000 |Hood exhaust. 
Waffle Griddle 20000* 10000* |Hood exhaust. 
Toaster o 8500 : 4750 'Hood exhaust. 
People 13200 | 10800 | 13200 | 10800 | 
Food... 4200 4200 
| 
Total ; ...| 213970 54800 101325 32800 : 
48800* 13600* 
Load 165170 87725 
Total Cubic Feet of Air| 
per Minute to Cool! 
with 20 F Rise...... 7735 4100 











*Omitted from total as these loads do not occur at the same time as other loads 
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absorb the heat from the sun and the wall temperature 
will lag about 4 hr behind the sun. If uninsulated, the 
south brickwork will add its heat to the room by “panel 
heating” in the late afternoon at the same time the west 
wall and window are getting the maximum sun heat. 
This is the same time the restaurant should be most 
attractive to those who wish a comfortable dinner after 
a hot day’s work. There is an additional important rea- 
son for wall insulation, aside from the saving in heat 
transmission, and that is that any patrons sitting near 
the wall may be very much overheated from the radiant 
effect of “panel heating” even though the air temperature 
at that point is sufficiently low to be considered com- 
fortable. The treatment of the south glass window is 
shown for awnings, and the same points relative to vene- 
tian blinds apply as mentioned for the west wall. 


Ceiling Treatment 


Ceiling Treatment—The ceiling (ordinary wood deck 
with composition roofing, with wood joists and plaster 
on the under side) is exposed to the sun from early 
morning until late afternoon. The space between the 
joists may easily be insulated with a fill material blown 
in or a layer of insulation placed on top of the roof with 
new weatherproofing. The roof may be sprayed with 
waste water from any source; for instance, the condens- 
ing water from the refrigerating machine doing the 
cooling. A simple awning could be erected 5 or 6 ft 
above the roof as a temporary measure. The skylight 
can be protected by awnings or with a white window 
shade. The skylight can be removed entirely and the 
openings sealed over, as this lighting is of little value. 

The ceiling over the boiler room may be insulated 
with particular attention to breeching, hot water boilers 
or other hot surfaces which should have reflecting insu- 
lation as well as ordinary conducting insulation. The 
wall between kitchen and dining room may be insulated 
and, if possible, the kitchen layout revised to allow the 
range to be against an outside wall. Failing this, good 
reflecting insulation must be installed between range and 
partition. 

Hoods—No treatment is needed for the interior north 
wall unless some peculiar use of adjacent rooms indi- 
cates high temperatures. Coffee urn, steam table and 
the grill in the west show window should be hooded. If 
possible the coffee urns should be placed in the kitchen 
or in an alcove. Half of the heat is taken care of by 
the hoods but there is considerable radiant heat which 
would affect the patrons near the urns. Some restau- 
rants have a battery of toasters, waffle irons, grills, egg 
boilers, etc., arranged for short orders. Individually 
these items are not important but the total may be suf- 
ficient to justify hooding, or protection from radiant heat 
striking the patron. 

Lighting Load—The lighting will be increased due to 
shading the skylight and protecting the windows. How- 
ever, the lighting fixtures should be considered from the 
standpoint of total wattage against the light required. 
If a high degree of illumination is desired the fixtures 
should be designed to give a high lighting effect for 
minimum current. From a cooling standpoint it is best 
to use efficient lighting rather than to use bright sources 
and then cover them up to prevent the light getting out. 
The entrance should be fitted with double doors to form 
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a vestibule and air lock. This will prevent excessive 
loss of conditioned air and will improve the comfort 
of those seated near the door. 


Heat Load Cut in Half 


Summing up, the reduced heat gains for the items of 
Table 1 shows that the simply treated space requires 
about half the cooling that would be required for the 
untreated space. Obviously the air conditioning equip- 
ment will cost less initially and considerably less for 
operation. Furthermore, it has a reasonable chance of 
producing successful results. Radiant heat from various 
sources will defeat the comfort feeling from cool air 
and if this restaurant were cooled as it originally was 
surveyed there would be cold spots and hot spots and 
the air volumes required for cooling would be greater 
than good practice permits, due to excessive air motion. 

Offices, auditoriums, residences, stores, hospital oper- 
ating rooms and other spaces all have their own peculiar 
problems of unnecessary heat gains. The air condition- 
ing engineer can perform a useful service by determin- 
ing what changes are necessary and are reasonable in 
cost. The air conditioning equipment has an exceed- 
ingly long life and any unnecessary heat gain will con- 
tinuously show in high operating cost. In some installa- 
tions the heat gain is so excessive that the cooling equip- 
ment must be run from early April until late November 
and may be needed at periods during the winter months. 
The more effectively the heat is blocked out, the better 
the outside air can be utilized for cooling effect, and the 
properly designed system will take advantage of outside 
air at any time it is below the indoor temperature. 


Expansion of Jacketed Pipe Line 


Tue Epiror: Referring to the article by G. W. Hauck, p. 527, 
November, 1935, H. P. & A. C., describing the steam-jacketed 
piping for heavy oils, is it necessary to provide expansion joints 
in the 4 in. pipe to compensate for a possible difference of expan- 
sion in the run of 2% and 4 in. pipe?—A. H. (Heating Con- 
tractor). 


The jacketed line illustrated has been in service for al- 
most two years without any indication of expansion or 
contraction difficulties. The service is quite intermittent, 
which makes the operating condition much more severe 
than if the line were used continuously. 

The sections of jacketed piping shown in the drawing 
published in November are as folloys: A is 3’-0”; B is 
18’-0”; C is 12’-8”, and D is 6’-0”, the lengths being 
face-to-face of 2% in. flanges. An older section of this 
plant has had a similar system of jacketed piping in serv- 
ice about four years without experiencing any difficulty, 
in which there are several runs longer than those given 
above. These longer runs are 20’-2” and 29’-7” face-to- 
face of flanges. 

Experience therefore indicates that the method of jack- 
eting piping is satisfactory for long lengths as well as 
short lengths of piping. Since the 2% in. and 4 in. pipe 
are subjected to practically the same temperature, as the 
steam is in contact with both, the linear expansion and 
contraction are sufficiently in unison so as not to cause 
unequal expansion movement. The 4 in. piping was well 


insulated and water-proofed as an added precaution — 
G. W. Hauck. 














Revamping the Building Heating System 


in the Modernization of Conners Creek 


By Sabin Crocker* 


ODERNIZING the twenty year old Conners 

Creek power house of The Detroit Edison Co., 

now in process, will continue through several 
years until all the old 220 lb 600 F boilers and turbines 
are replaced with modern and more efficient 600 Ib 850 
F equipment. Since most of the original building struc- 
ture, canals, stacks, coal handling machinery, condensers 
and auxiliaries, two 30,000 kw generators, and numerous 
other items are suitable for re-use just as they were, or 
with slight alterations, there is a decided incentive to re- 
build now while load conditions permit rather than to 
start an entirely new plant preparatory to scrapping the 
old at some time in the not too distant future. Many 
interesting problems have developed in connection with 
this project,’ among which revamping the building heat- 
ing system may appeal to readers of HEATING, PIPING 
AND AIR CONDITIONING. 

A good idea of the size of the job can be obtained from 
Fig. 1, where the power plant proper with an attached 
office building at its near end appears in the center, the 
Essex switching station with its attached control house 
is seen at the left, and the locomotive and yard crane 
shelter at the right. All these buildings are supplied 
with heating steam from the power house through pipe 
conduits or tunnels which also serve for returning con- 
densate. The amounts of installed radiation and the 
approximate cubic contents of various portions of the 
plant are summarized in Table 1. 


Heat Emission of Power Equipment Upsets Radia- 
tion Computations 


Heating a power plant involves several special prob- 
lems differing from those encountered with other build- 
ings. For instance the presence of hot equipment and 
piping in some parts of the building with cold condensers 
and circulating pumps in the turbine house basement 
upset any ordinary calculation of building heat loss 
based on wall and glass surface for these portions of 
the plant. Here it is advisable to temper computed 


*Engineer, The Detroit Edison Co., and Member of Board of Consult- 
ing and Contributing Editors. 

“Welding High-Pressure High-Temperature Steam Piping.”’ by Sabin 
Crocker, HEATING, Pipinc AND Air ConpiT10Nn1NG, February, March, 1935. 





figures with empirical rules founded on experience in 
other plants. No matter how carefully done, it is un 
likely that any computed figures attempting to balance 
the estimated heat emission of steam equipment and elec- 
trical apparatus against infiltration and the wall and 
glass loss would be reliable within 50 per cent either in 
a turbine room or boiler house. The difficulty of mak 
ing such a computation reliable is aggravated by the fact 
that there is no relation between the severity of the 
weather and the amount of electrical load carried by 
the plant, the latter controlling the number of hot and 
cold units in service. The problem is further compli- 
cated by the unbroken ceiling heights (55 and 68 ft 
respectively) to which both the turbine and 
rooms extend above their operating floors upsetting the 
usual methods for computing the required radiation. 
Since heat supplied at the operating floor level tends to 
rise and shirk doing its full duty, the problem is mainly 


boiler 


One of the most extensive modernization projects 
now under way is the rebuilding of the twenty year 
old Conners Creek power house of The Detroit Edison 
Co. Because a plant of this kind presents special 
and unusual problems in the design of the building 
heating system, the author describes in some detail 
the manner in which this phase of the revamping 
is being handled...... An interesting feature is the 
bleeding of heating steam from the house service 


turbo-generators and the use of this steam at total 


315 to 530 degrees 


temperatures ranging from 


Fahrenheit 










Fig. 1—Conners Creek power plant 
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Fig. 2—Head end of cross-compound de house service unit 


one of installing sufficient radiation near the operators 
to give them a satisfactory sensation of warmth, irre- 
spective of the average room temperature, at the same 
time partially offsetting objectionable down-drafts at 
windows and the proximity of large sheets of cold glass. 
At Conners Creek direct radiation has been largely em- 
ployed for this purpose, principally because the plant 
started out that way twenty years ago before either ex- 
posed or concealed convection heaters were in exten- 
sive use. The final criterion of good design is whether 
the operating force feels comfortable at all times while 
pursuing its duties around the plant, and the best guess 
on this point is founded on experience rather than too 
fussy heat balance computations. 

In the extension at the north end of the turbine house, 
which will accommodate 
two additional 60,000 kw 
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dows and at various other strategic points. 

There is a time, however, during construc- 
tion of the plant when empirical rules should 
be matched against the usual method of com- 
puting radiation by estimating heat loss from 
wall and glass surface plus infiltration. In the 
case of a turbine room, for instance, fully twice 
as much radiation may be required during 
winter construction in the northern United 
States as would be needed after the equipment 
is in regular operation. In the case of a mod- 
ernizing program such as this one, all the 
equipment at one end of the turbine house will 
be shut down for alterations while units at the 
remote end must be kept in use. In a single 
room having a length of about 400 ft this situ- 
ation would be conducive toward setting up 
cold drafts to the decided discomfort of the 
operating force in the end being used if steps 
were not taken to counteract this tendency by 
installing extra radiation ot the end where the 
equipment is out of service. Sufficient addi- 
tional radiation has been installed, therefore, 
in a temporary and inexpensive manner so 
that it can be readily removed when the plant 
gets into normal operation. Large size suspended type 
unit heaters were selected as the best means for provid- 
ing this temporary heat, particularly since the lofty ceil- 
ing dictates that they be placed well up on the wall with 
their guide vanes inclined downward so as to drive the 
heat toward the floor. 


Heating Requirements in Essex Switching Station 


As in the case of the steam power section of the plant 
certain special requirements must be met in heating the 
electrical switching station. The relatively small build- 
ing, shown attached to the front of Essex Station in Fig. 
1, houses the control equipment and instruments. A por- 
tion of this building is heated to 70 F at all times for 

















Table 1—Summary of Building Heating Requirements, Conners Creek 
turbo-generators, suspended 
type unit heaters are being 
1. { hes | ond INSTALLED |Cu Fr oF VoLUME 
used to heat the condenser LOCATION Cusic CONTENTS, KIND OF RADIATION, PER So Ft or 
room and for temporary ad- Cu Fr RADIATION Se Fr 240 Bru 240 Bru 
+s . R RADIATION 
ditional heat during con- PE a are te ee, 
struction in the turbine Boiler House... 5,670,000 Col. and Pipe coil 3,520 1,612 
room. Unit heaters have Turbine House 3,500,000 Col. pipe coil, unit heaters 15,034 \ 100 
ae : Blast heaters 20,000* { 
also been used in condenser Old Switch House 980,000 Col., and Pipe coil 4.983 197 
hot well pits, isolated shops, Aux Turbine House, Screen House 
F Jare _ Te 540,000 . and Unit heate 3,836 79 
etc., throughout the plant. ST eee es rAC Col. and Unit heaters 6,836 7 
° . 9 ° ~ssex OWItcnir otatio 
If the Company’s engineers Main Building. . 1,880,000 Tube 14,165 133 
were starting afresh with- Control House 185,000 Tube 2,193 85 
eT tee a Office Building, Garage and Screen 
out the limitations imposed ate . 305,000 a 3,320 o2 
by the presence ot a large Coal Unloading House and Shops. 720,000 Col. and Unit Heaters 5,028 143 
amount of old direct radia- Locomotive and Crane Shelter. . 310,000 Pipe coil 1,479 210 
: ‘ ‘ . Scale House and Carpenter Shop 7,000 Col. 300 23 
tion, serious consideration ie BS wes a ihe OTA I TREE ILM San te Ce ees em 
would be given to the use of Total. . 14,097,000 Total Heating... . 76,858 Average 183 
: : So : Max. Ventilating... .. 50,800* 
indirect radiation in the tur- sister I 
bine room, either in the Grand Total......... 127,658 











form of exposed unit heat- 


ers or else as concealed 


forced circulation units 
placed underneath the win- 


*Running full blast on zero F outdoor air the theoretical maximum of the blast heaters would be equivalent 
to 70,800 sq ft of 240 Btu radiation. On the basis of a desired temperature in the turbine house of 65 F, the 
available sensible heat above that temperature is equivalent to about 20,000 sq ft of 240 Btu radiation. The bal- 
ance of 50,800 sq ft is chargeable to ventilation. This extreme ventilating load is not expected, however, since 
the number of air changes can be reduced as the weather becomes more severe. 













January, 1936 





the comfort of the switchboard operators who make 
their headquarters there. The main building, which 
houses the switch gear normally operated by remote con- 
trol from the switchboard, is patrolled at least once a 
shift but need not be heated to the temperature required 
for sedentary office work. In fact it is not necessary to 
heat this main building at all a good share of the time. 
While sufficient direct radiation is installed to maintain 
the temperature at 50 F with zero outdoor temperature, 
this is not turned on except when actually required for 
one of the following purposes: (a) in extremely cold 
weather to obtain a reasonably comfortable temperature 
for patrol and inspection of equipment; (b) for main- 
tenance or construction work in cold weather; (c) to 
prevent atmospheric condensation (sweating) on the 
electrical equipment and walls during the moist weather 
following a cold snap, as frequently occurs in this cli- 
mate. The necessity for keep- 
ing high voltage electrical equip- 
ment of the indoor type dry for 
safety’s sake is of course obvious. 


Ventilation for Turbine Room 


Some continuous supply of 
fresh dry air from outdoors is 
desirable for displacing moist air 
from a turbine room in winter. 
The same supply serves for cool- 
ing purposes in summer. Ar- 
rangements for ventilating the 
turbine room of the rebuilt plant 
remain decidedly simple, con- 
sisting principally of a fan and 
blast heaters already used in the 
plant for many years. The fan 


Sections of de house service 
units 


Fig. 3 





(a) Below—Section through high pressure 
barrel showing crossover and extraction 
outlet ; 

(b) Right—Section through steam admis- 

sion valve of type used on low pressure 

barrel to control outflow through ex- 
traction outlet. 
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has a maximum capacity of 170,000 cfm which is suffi- 
cient for about five air changes per hour in the main and 
auxiliary turbine rooms. This has been found sufficient to 
carry off the small amounts of moisture now escaping 
into a turbine room with present effective types of shaft 
packing. The heaters, placed in stacks four banks deep, 
are capable of warming 170,000 cfm of air from zero F to 
92% F. This air is allowed to diffuse throughout the 
condenser room from whence it rises into the turbine 
room just above through gratings and stair-well open- 
ings in the turbine room floor, thus effecting reasonably 
uniform distribution. Warm air, which 
more-or-less water vapor and risen to the upper part of 
the turbine room, is drawn off into the 


has absorbed 


boiler house 


through suction of the stoker fans, by way of openings 
in the partition wall just below the turbine room ceiling. 
This circuit works summer and winter to the considerable 
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improvement of conditions in both the condenser room 
and turbine room. 

In addition to the heating and ventilating system just 
described there is a small scale cold air supply system 
for ventilating the otherwise over-warm alcove where 
the 2,000 to 3,000 kw dc house service turbo-generators 
are located (Fig. 2). Since no closed cooling system 
is provided for the generators of these units, their elec- 
trical losses are given off directly to the turbine room 
air which is circulated through their windings by fan 
action. While this affords a welcome source of heat in 
cold weather, the amount given off in summer, in addi- 
tion to the radiation from the hot turbine casing and 
steam chest, is decidedly oppressive and needs to be swept 
out of the confined auxiliary bay by a liberal supply of 
cool air, up to 30 air changes per hour being available 
for the purpose. This air overflows from the alcove into 
either the boiler room or turbine room, from whence it 
goes into the stoker fans or out the windows. 


Steam Supply for Building Heating 


In the modernized plant the normal steam supply for 
building heating is obtained through bleeding the 2,000 
to 3,000 kw direct current turbo-generators used for 
house service power supply. Since the steam needed for 
heating purposes thus serves to generate a considerable 
amount of power under the equivalent of byproduct 
conditions, this arrangement is more economical than 
using live saturated steam stepped down from boiler 
pressure through reducing valves. While a reducing sta- 
tion is available for standby use, it probably will not be 
required for this purpose after three or more of the new 
house service units are installed. Due to the variation 
in stage pressure of the conventional style turbine with 
change in generator load, some positive means of divert- 
ing steam through the extraction opening is essential for 
operation at light loads. The extraction control for these 
units is of a positive type which possesses the decided 
advantage of being able to maintain the desired steam 
pressure at the extraction outlet irrespective of the elec- 
trical load on the unit. This result is accomplished 
through taking advantage of the double barrel (cross 
compound) type of unit to insert a control valve on the 
steam chest of the low pressure barrel. Since the extrac- 
tion outlet is on the exhaust casing of the high pressure 
barrel this provides positive means for diverting suffi- 
cient steam for heating purposes. The control valve on 
the steam chest of the low pressure turbine is actuated 
through a pilot valve and piston to maintain a constant 
pressure (10 lb gage in this case) at the extraction out- 
let by restricting the amount of steam which is allowed 
to pass through the crossover. Sectional views of the 
high pressure turbine and the control device on the low 
pressure turbine are shown in Fig. 3. The amount of 
steam which can be extracted from the house service 
turbines depends both on the number of units in use and 
the electrical load being carried on each. Practically the 
entire throttle flow of the unit can thus be diverted for 
building heating provided the electrical load on the gen- 
erator does not exceed the amount of power available 
from the high pressure turbine barrel. The relation of 
throttle flow, electrical output, and steam available for 
heating purposes for a 2150 kw unit of this type is 
shown in Fig. 4. 
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A small size reducing station has been provided to 
step down live steam for summer use to supply the 
kitchen and domestic hot water supply only, thus making 
it possible to cut off steam entirely from the building 
heating system for at least three months of the year and 
avoid line condensation losses. 


Bled Steam Is Hot 
As shown by the temperature lines on Fig. 4 the ex- 
tracted steam, due to its incomplete expansion through 


the turbine, is still considerably superheated, the total 
temperature ranging from 315 to 530 F depending on 


30 


~ n 
S a Sy Ss 


Throttle flow- /000 /6 per Ar 
Y 





a] 500 1000 /$00 2000 2500 
Output at low speed gear shaft- Kw 


Fig. 4—Relation of throttle steam flow, elec- 
trical output, and bled steam available for heat- 
ing purposes, 2150 kw de house service unit 


generator load. This temperature precludes the use of 
ordinary soldered parts in radiator and drip traps, unit 
heater cores and the like, and has even been found de- 
structive to the corrugated bellows of sylphon type pack- 
less radiator valves. These limitations have been over- 
come through the use of high melting point solder or 
brazing in the manufacture of traps and heater cores, and 
through the use of more rugged valves having packed 
stems. With the proper choice of materials no more 
trouble is experienced with operating at these tempera- 
tures than at temperatures in the vicinity of 225 F. 
To one not familiar with the use of high temperature 
bled steam for building heating some trouble might be 
anticipated on the score of too high a surface temperature 
on direct radiation being dangerous in the way of burn- 
ing the unwary who touched against it. Such actually 
is not the case since the radiation is not appreciably 
hotter than if it contained saturated steam at 10 Ib pres- 
sure. The explanation is that since the amount of super- 
heat present represents only about 150 Btu per lb of 
steam against a latent heat content of around 960 Btu 
per lb, its ability to overheat a surface where condensa- 
tion is present is slight. Conditions are different, how- 
ever, in the case of supply pipes having a steady flow of 
superheated steam, and these should be insulated where 
there is a possibility of people coming in contact with 
them. Trouble on this score can be obviated by placing 
radiator valves at the lower headers of radiators instead 
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of at the top headers so that the supply pipe does not ex- 
tend in an exposed position above the floor. 


Vacuum Returns Systems 


Due to the large amount of radiation and its scattered 
location a vacuum returns system aids materially in se- 
curing smooth operation. Essex switching station has 
its own set of vacuum pumps which return condensation 
at 20 Ib gage to a low-pressure stage of the power plant’s 
boiler feed circuit. Returns from other outlying build- 
ings and from the power plant itself are collected into a 
6 in. header leading to a set of three vacuum pumps iu 
a pit below the basement floor, Fig. 5. Space is avail- 
able for the addition of a fourth pump if required later. 








Fig. 5—Heating returns pit, pumps and meters 


Return lines leading to this pit pass through pipe tunnels 
and cable vaults, also below the basement floor and ex- 
tending to the remote parts of the plant. Pains have 
been taken to pitch all return lines toward the vacuum 
pumps and to avoid traps and air pockets with a view 
to being able in case of failure of these pumps to fall back 
on a set of booster pumps as explained later, or as a 
final resort to spill all returns into the sewer by opening 
a single bypass near the pumps. Due to the fact that the 
blast heaters are located reasonably close to the pump 
pit and at sufficient elevation above it, their returns go 
directly to a gravity receiving tank from whence they are 
picked up by the condensation booster pumps without go- 
ing through the vacuum pumps. The flow diagram for 
the equipment and lines around the heating returns pit 
is shown in Fig. 6. 

Since the supply side of the heating system is operated 
it all times on a uniform pressure of 8 to 10 Ib gage, the 
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returns lines only operate under vacuum and no attempt 
is made to modulate the steam pressure on the system 
as a whole to suit the weather. 


Temperature Control 


Steam supply to the direct radiation is, in general, reg- 
ulated by hand. In the case of the Essex switching sta- 
tion, however, the direct radiation is divided between five 
circuits, thus making it feasible to put each circuit under 
independent thermostatic control to suit the temperature 
requirements of the portion of the building it serves. 
Each of these mains has its own motor operated steam 
supply valve which is controlled by a thermostat placed 
in a representative location. In the control house there 
are two circuits, one for the 50 F rooms and one for the 
switchboard room and wash room which comprise the 70 
F region. The main building housing the switch gear 
is divided into three 50 F circuits, each of which serves 
its own vertical section of five stories and thus gives 
flexibility to suit varying exposure. The thermostat for 
each section is located at a spot selected as representing a 
reasonably typical exposure for that section. Motor 
operators for the steam supply valves are geared to open 
(or close) in times varying from one to three minutes, 
depending on the size of the valve, in order to minimize 
any tendency for water hammer. With adequate pitch 
of the lines to facilitate quick drainage this sort of con- 
trol has been found to work out well in Essex and in 
one of the Company’s large substations. Where the 
pitch for drainage is much less than one inch in 20 ft, 
however, there is apt to be objectionable slamming when 
the motor operated valves open. Ample capacity drip 
traps on the mains and adequate pitch have been found 
essential to the quiet operation of such systems. 

While thermostatic control of unit heaters is used in 
a few isolated shops around the power plant, those heat- 
ers which are located in more or less open spaces are 
equipped with motors having three speeds which are set 
by hand. In the case of the blast heaters, a de motor 
with a multispeed control is used to drive the fan, and 
two out of four banks of heaters are fitted with thermo- 
static control, the other banks being turned on or off 
manually as required. 

On the whole the mixture of manual and thermostatic 
control outlined above has worked out very well for 
several reasons: (a) steam is relatively inexpensive in 
a power plant compared with the cost of full thermostatic 
control; (b) heat is required continually in most parts 
of the plant, 24 hours a day seven days a week from fall 
till spring, thus rendering night or week-end shut-off 
unnecessary ; (c) in the present combination of automatic 
with manual control, the base load can be taken pretty 
much by the latter while the former is used to compen- 
sate for changes in outdoor temperature. 

Metered Returns: All heating condensation is metered 
before being returned to the power plant feed water sys- 
tem. Metering is desirable both from a standpoint of 
the power plant heat balance and as a check for design 
purposes. Essex switching station has its own condensa- 
tion meters on the suction side of its duplex vacuum 
pumps. Condensation from the blast heaters flows by 
gravity through a meter on its way to the receiver of 
the condensate booster pumps. Due to the low level at 
which the returns lines must approach the vacuum pumps 
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Fig. 6—Flow diagram of equipment in heating returns pit 


for the main plant there was insufficient elevation to put 
meters on the suction side of these pumps. This, coupled 
with the fact that the 10 lb discharge head of the exist- 
ing pumps was hardly enough for them to return water 
directly to the power plant feed circuit, dictated the use 
of booster pumps and placing the meters between the two 
sets of pumps as shown diagrammatically in Fig. 6. 
Booster Pumps: The booster pumps serve a double 
purpose in that they also pump back a considerable 
amount of distilled water overflowing from shaft packings 
and water sealed valves around the power plant which 
is not metered. These booster pumps, which are capable 
of handling up to 250 gpm each at a discharge head of 
25 lb gage, take their suction from a receiving tank 
vented to the atmosphere. The pumps run at constant 
speed with a float actuated throttling valve in their dis- 
charge to prevent pumping the receiving tank dry. Ex- 
cept in extremely cold weather either booster pump 
can carry the entire plant, thus leaving one pump in re- 
serve. If future expansion of the power plant should 
tend to overload these pumps with sealing water, space 
is provided for the installation of a third pump. Due to 


the mixing of relatively cool water from pump and valve 
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seals with the heating returns the temperature in the re- 
ceiving tank is kept down to about 160 F, which fact 
coupled with a small positive elevation head permits the 
use of ordinary centrifugal pumps for boosters without 
danger of cavitation. In an emergency these pumps can 
draw water directly from the heating returns header 
without having the vacuum pumps in operation, under 
which conditions the returns header would be vented to 
atmosphere through the receiving tank just ahead of the 
booster pumps. 


Old Equipment Salvaged 


In revamping the existing heating system in conform- 
ity with modern practice the old equipment has been re- 
used in so far as practicable. The old vacuum pumps 
and booster pumps have been thoroughly overhauled and 
moved from a rather inaccessible location below the base- 
ment floor to an open pit where they are fully as acces- 
sible as similar auxiliary equipment around the power 
plant. A new 14 in. steam header has been installed, 
mainly out of pipe and fittings salvaged from the old 
power piping, for the purpose of collecting and distribut- 
ing bled steam throughout the plant. The pressure re- 
ducing valves from two isolated stations have been re- 
used in a single station to provide an emergency steam 
supply connected into the new header at one point. Ex- 
isting supply and return branch lines have been re-used 
for connection to the new headers by the most direct 
available routes, and the lines to the kitchen equipment 
and domestic water heaters have been enlarged and re- 
arranged, and their returns individually trapped so as to 
operate on 8 to 10 Ib bled steam during the heating sea- 
son instead of having to use 30 lb live steam all year 
‘round. At the same time the heating system has been 
extended to serve an addition to the turbine room which 
will house two new 60,000 kw_ turbo-generators. 
Through these measures the existing heating system, 
much of which is fifteen to twenty years old, has been 
adapted to new conditions and put in good shape at a 
relatively small cost. 
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eats Plant in Change-Over from Steam 


OME months ago, cone of the editors of HEATING, 
PIPING, AND AIR CONDITIONING phoned me as 
follows: “I have a letter from one of our readers, 

a plant engineer, who says that in the large factory which 
he supervises there is difficulty with corrosion from the 
inside of the steam and return piping. The plant is only 
about six years old, he says, and the management has 
had exhaustive studies made by chemists and other ex- 
perts without having arrived at a solution. They wonder 
whether we can do anything to help them. I’ve made a 
date to call at. the plant. Would you like to accompany 
me ?”” 

We found a beautiful and modern five story manufac- 
turing plant heated almost exclusively by steam unit 
heaters. The basement space is a warehouse for storing 
the concentrated raw material and the first four stories 
are merely conveyor-fed reservoirs which fill up and 
empty themselves like water behind a dam, so as to iron 
out the differences between the rate of production from 
the automatic machinery on the fifth floor and the ebb 
and flow of freight train shipments. It is heated by 
67 large capacity recirculating unit heating machines 
placed overhead and usually near the outside walls each 
controlled by an electric thermostat in the zone of influ- 
ence of its particular heater. 

Steam at 100 lb pressure entere1 the building from a 
nearby boiler plant at the fourth story level and was dis- 
tributed through a supply main near the fourth story 
ceiling, feeding up to the fifth story heaters and down 
to those on the lower floors. The steam risers were 
paralleled with return mains which drained to a main 
near the basement ceiling. This main ran to the receiver 
of a centrifugal pump which forced the condensation up 
to the fourth story ceiling and back to the boiler house. 
The steam is purchased on the basis of flow meter rec- 
ords and was reduced to about 50 lb pressure, the steam 
thus being superheated to the temperature of 100 Ib 
pressure, which is around 337 F. 

The original design of the plant contemplated that 
steam at 50 lb pressure (about 296 F) should be used in 
the unit heaters and in the 61 miter type pipe coil radia- 
tors in the offices, stair halls, toilets, etc. as the designer 
apparently felt that cast iron radiators would not with- 
stand the pressure. No provision was made for extract- 
ing the sensible heat remaining in the condensate. For 
service hot water, required in considerable amounts, 
steam was used directly at 50 Ib pressure in a manifold 
in the water tank. 

No one seems able to explain just why such a high 
pressure was employed, or why, when the steam was 
purchased on a steam flow basis, the sensible heat in the 
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By Samuel R. Lewis* 


return water should be sent back as a free gift to the 
corporation which furnishes the steam. 

The original heating installation was equipped with 
thermostatic vacuum traps at the bottoms of the down- 
feed risers, at each unit heating machine and at each radi- 
ator, some 150 of them. There was no vacuum pump and 
the condensation receiver had an inadequate vent. This 
small atmospheric vent was occupied fully in ejecting to 
waste the steam which flashed from the condensate when 
the traps passed the superheated water into the return 
mains. 

The traps failed and were replaced, but the replace- 
ments quickly failed. Float traps were installed. How- 
ever a leak appeared in a steam riser after a short time 
wetting down and ruining some hundreds of dollars in 
value of raw material. “Just an accident,” they thought, 
and replaced the guilty piece of piping. Shortly, other 
leaks appeared and kept appearing until it was realized 
that damage amounting to thousands of dollars might 
easily be encountered unless some radical cure for the 
trouble could be discovered. 

The condensate from the steam was analyzed; by the 
time the sample could be studied it showed no untoward 
reaction. The samples of liquid, of course, by the time 
they could be analyzed, were exposed to the air and were 
cool. There was no way to analyze the fluid in the form 
of steam or hot water in the presence of the high temper- 
ature and in the presence of whatever mysterious gas 
might be at work inside the pipes while in service. 

The metal of the piping was subjected to test and was 
found to be all that any one could ask. Still the interior 
of the piping was being eaten up as if by some concen- 
trated acid. Leaks came in steam as well as in return 
lines; they appeared in the centers of pipes far from 
threads and they came at threads ; they appeared in risers 
as well as in horizontal pipes. The possibilities of elec- 
trolysis from stray electric currents were exhausted with- 
out improvement. Joints in pipe coil radiators as well as 
in the mains would break loose without warning. 

This was the situation on the day that we visited the 
plant. 

I asked, “Where is your air vent?” The answer was, 
“Why, the air escapes through the atmospheric relief 
pipe from the condensation receiver.” I asked, “Have 
you had any trouble with the continuous copper coils of 
the unit heaters?” The reply was “No.” I asked, “Have 
you no air vents or air relief valves on the convectors of 
the unit heaters or on the pipe coils?” The answer was 
“No.” I asked, “Have you had any trouble with heat- 
ing?’ They replied that there were unexplainable 
vagaries with the heating; that some units could be de- 
pended upon to give an ample and reliable supply of 
warm air, while others sometimes failed to heat properly. 
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Water flow diagram for new sys- 
tem, showing the design temperature 
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The gage glass at the condensation pump which 
should normally have indicated a clear liquid showed 
something that looked like red barn paint. My diagnosis 
of course was that the unusually rapid oxidization of the 
interior of the ferrous piping was due to excess air in 
the presence of high temperature and moisture. 

Had the mains and the unit heating machines been 
designed originally for low pressure, it might have been 
practicable to change to a vacuum system of steam cir- 
culation by installing a proper air and water suction 
device. However, this would have required rebuilding 
the mains and risers in much larger diameters and adding 
many new unit heating machines. 

It developed that the basement storage space with its 
raw material, especially susceptible to any moisture, must 
be heated even in summer to prevent any deposition of 
dew when the outside air turned warm suddenly follow- 
ing some days of cool summer weather, and that the 


Because of unusual difficulties with corrosion of 
steam and return piping, complicated by the possi- 
bility of damage to stored raw material and the 
fact that steam was bought from an adjoining plant 


and its generation was therefore not under control 


owner wished especially to minimize all piping carrying 
liquid or steam in the basement for fear of more leaks 
with their attendant potential damage. 

The original heating arrangements did not provide 
any separate basement heating system and of course 
required rather extensive return mains in the basement 
to drain the various down-coming risers from the upper 
stories as well as to drain the basement heating appa- 
ratus. 

I recommended that the plant be changed to use forced 
circulation hot water at the same pressure in cold weather 
as the former steam, thus giving the same heat output 
as would the steam, the water at this high temperature 
being prevented from boiling by an artificially main- 
tained pressure. Thus all air would be excluded from 
the piping and any mysterious corrosive gas would be 
replaced by a neutral liquid which would remain in the 
plant and never go back to the boilers where any chemi- 
cal treatment or lack of chemical treatment would be 
beyond our control. This solution was finally decided 
upon, and I was asked to serve as consulting engineer. 

The change-over presented several interesting prob- 
lems. If one is heating a five story building with steam 
or hot water and if the supply main is at the fourth story 
ceiling, the design of branches and risers and drainage 
and air venting is peculiar and decidedly complicated in 
comparison to a design which has the supply and return 
mains in the basement or which has the supply main at 
the top of the system. 


Piping Is Copper with Sweated Fittings 


It was decided to use copper for the mains and 
branches to eliminate any possible electro-chemical action 
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between the copper tubing of the unit heaters and the 
piping supplying the units.. Accordingly the new system 
is iron pipe size hard copper with brass fittings and the 
supply and return mains are on the fifth story instead 
of being on the fourth story so that air venting is out 
of the top of the system. 

The separate mains for heating the raw material stock 
room in the basement are located insofar as practicable 
on the first story. Instead of the original 6 in. steam 
supply main the new forced water supply main is 5 in. 
and is paralleled with a similar 5 in. return main. In 
making up the sweated joints employed, two men sawed 
the tubing into the proper lengths, cleaned and smoothed 
the ends and slipped them into the various hangers and 
fittings. Two other men followed with the oxy-acetylene 
torch and simply warmed up the fittings evenly until the 
silver-like melted composition, which had been factory 
applied to each fitting, appeared between the pipe and 


of the purchaser, a large manufacturing plant de- 
cided upon a change-over to forced hot water heat- 
ing, the circulating water to be heated by the 
purchased steam.....The author, who recommended 
this solution and served as the consulting engineer, 


describes how the job was done 


the fitting. In the case of the very few leaks which 
appeared upon testing, the joint easily was reheated so 
that the solder could flow into the void, An adjustable 
man-carrying four-wheel truck-scaffold was employed 
for hoisting the lengths of piping and the workmen, It 
was adjustable both vertically and laterally, even under 
heavy load, and its use speeded up the progress of the 
work very materially. 

There are no slip expansion joints, but loops and 
spring pieces at the centers of each of the four straight 
runs at the sides of the building, aided by free movement 
at the corners, care for expansion, with anchors placed 
in intermediate positions. 


Control and Balancing of System 


There is an automatic pressure differential valve for 
each general division of the system, the valve being in 
the supply main and responding to the pressure in the 
corresponding return main so that regardless of the 
initial pressure and temperature, only enough water is 
admitted to maintain a constant differential pressure in 
the return. Thus if the group of units or radiators served 
by that particular branch or riser requires 3 |b friction 
loss, the valve will admit enough water and no more, so 
that this loss is balanced. Over-pumpage of water and 
inefficiency are thus prevented, and the parts of the 
system which are most remote or which require the most 
heat, are fed adequately and cannot be starved by short 
circuiting of water through some easier bypass. 

Each general division of the system has lock shield 
gate valves and each heat transmitting unit has tight 
valves on both flow and return to facilitate repairs or 
changes. The exact temperature drop of the water re- 
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quired through each unit, about 25 F for a normal bal- 
ancing, is ascertained and adjusted by manipulating and 
setting permanently the valves at the units. 

To accomplish this adjustment a thermocouple was 
employed, which indicates instantly the temperature of 
the inlet pipe and of the outlet pipe. Very little adjust- 
ment of the individual valves was required, the auto- 
matic pressure differential main line valves apparently 
correcting such mistakes in the design as might have 
occurred. By employing water at variable temperature 
in the radiators of the offices great improvement in com- 
fort is achieved. 


Heating the Circulating Water 


The circulating water is heated by steam from the old 
main at the fourth story and the steam pressure is re- 
duced and varied to facilitate the operation of the auto- 
matic water temperature regulator. The steam flows 
around a nest of U-shaped copper tubes within an 
insulated cast iron tank. The water circulates through 
the tubes and an aquastat in the leaving water controls 
in stages the admission of steam. If the steam pressure 
is reduced in accordance with the weather nearly all of 
its superheat and the latent heat of condensation is trans- 
ferred to the water and the control valve does not hunt. 
The condensation from the main heater passes to an 
economizer heater, where it transfers heat to the return- 
ing relatively cool water of the heating system. This 
water using transfer heater is cross-connected so that in 
any emergency it may be supplied with steam in parallel 
with or as a spare for the first heater. The condensation 
next passes to a manifold in the service hot water heater, 
which was moved from the basement to the fourth story 
and which now has its own small water circulating pump, 
and normally heats all of this water before departing by 
gravity to the boiler plant. Under the old scheme it was 
necessary to pump this condensation up four stories from 
the basement return main. The condensation ordinarily 
can be cooled down to around 140 F, a very substantial 
saving compared to the 280 F or so at which it formerly 
was allowed to depart. It would be possible further to 


extract the heat from the condensation by sending the 
warm water through one of the unit heaters on the fourth 
story, but since the amount of condensation varies widely 
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with the weather we have not yet undertaken this ulti- 
mate economy. 

The old duplicate centrifugal condensation pumps were 
re-used as circulating pumps, one always being in re- 
serve, for the separate basement heating system. New 
circulating pumps, in duplicate, were purchased for the 
balance of the building; they are unusual in that they 
are driven by separate motors through multiple V belts. 
The expansion tank was placed above the fifth story level 
in an existing pent house, so that practically all air from 
the system vents to it. It has sufficient capacity so that 
expansion of the water in the system varies the level 
within the tank within easy range of observation in the 
length of the sight glass, and there is a relief valve and 
a small air compressor so that the boiling temperature of 
the water may be adjusted easily by pressure variation 
to suit the demand on any day. 


Open Hatchway Blanketed with Warm Air 


The plant includes a large shipping department with 
arrangements for delivery of the product by automatic 
conveyors directly to railway cars. These conveyors pass 
through an open hatchway in an outside wall of the 
building, and the cold air entering through this hatch- 
way, which is about 8 ft long and 3 ft high, has always 
been troublesome. A special unit heating machine had 
been used to deliver warm air toward the hatch, but since 
the air supply to replace any warm air which escaped 
through the top of the hatch must come from outside, 
cold air entered through the bottom of the hatch and 
proved very objectionable. 

This problem was solved reasonably well by installing 
a centrifugal blower handling 4,000 cfm of air, delivering 
it at right angles across the narrow way of the hatchway 
at high velocity and collecting it through a similar slot, 
returning it for recirculation. This scheme of creating 
an invisible barrier of warm air without encouraging 
either outward or inward flow through the hatch seems 
to operate very satisfactorily, particularly as it tends to 
pick up such cold air as enters and to prevent this air 
from falling to the floor. 

I have been modest about writing this story until a 
cold weather test was actually encountered. The tem- 
perature finally did hit zero. On that morning the plant 
reports comfort ; hence, the story appears. 


Thirteen thousand, eight hun- 
dred and sixty people — five 
times the population of Her- 
shey, Pa.—visited the new, air 
conditioned, windowless office 
building of the Hershey Choc- 
olate Corp. on December 28, the 
opening day. Numerous features 
have been incorporated in the 
design of the structure, and two 
separate air conditioning sys- 
tems—one for the general offices 
and the other for the printing 
department and paper storage 
rooms—maintain proper indoor 
conditions based on outdoor 
temperatures to avoid shock on 
entering or leaving. The air 
conditioning systems will be 
described in an early issue 
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“The Big Week” for the air condi- 
tioning, ventilating and heating 
industry, January 27-31 at C hicago. 
Complete information is _ given 
in this special show _ section 






At the International Am- 
phitheater—the Fourth 
International Heating and 
Ventilating Exposition 
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At the Stevens Hotel—the an- ¥ 
nual convention of the Na- 
tional Warm Air Heating and 
Air Conditioning Association 
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Chicago from Lake Michigan 


JANUARY 27 to 31— 


THE INDUSTRY IS ON DISPLAY—IN 
CONFERENCE—AT CHICAGO 


PPORTUNITY to explore, discuss and experience what 
O is happening in equipment development, engineering re- 

search and practice in air conditioning, heating and ven- 
tilating is provided in unstinted measure in Chicago during the 
week of January 27. 

At the International Amphitheater close to three hundred 
manufacturers are displaying their products in the 4th Inter- 
national Heating and Ventilating Exposition, more familiarly 
known this year as “The Air Conditioning Exposition.” This 
is the most complete showing in the industry’s history of eg .sip- 
ment used in air conditioning, heating and ventilating for every- 
thing from the home to the large building and industrial plant. 

At the Palmer House the American Society of Heating and 
Ventilating Engineers is 
holding its 42nd annual meet- 


Society, in the presence of Society officers and council mem- 
bers at 2:00 p. m. on Monday, the 27th. Through Fri- 
day, the 31st, it runs from noon until 10:30 p. m. 
The International Amphitheater, located at 42nd and Halsted 
streets, Chicago, is a new building, beautifully adapted to exhibit 
purposes. In the last few months such important shows as the 
National Metals Exposition, the Automobile Show and _ the 
Live Stock Exposition have been held there, with outstanding 
attendance records and excellent display facilities fully justifying 
its selection for The Air Conditioning Exposition. 

It is easily reached by bus, street car, elevated and taxi from 
Chicago’s Loop and has that rare convenience feature seldom 
found in large cities—free parking space right at the door capable 
of accommodating 6,000 cars. 
The map_- on _— another 
page shows the locations of 


each day. 





ing. The technical papers to 











be presented at its sessions | the Amphitheater and the 
on research developments THE WEEK AT A GLANCE two hotels, as well as the 
and engineering problems in- | most direct transportation 
volved in air conditioning, EVENTS: 4th International Heating, Ventilating and Air routes. 
heating and ventilating are Conditioning Exposition. ; a ‘ The exhibits have been 
of outstanding educational 42nd Annual _ Meeting American Society 0 carefully planned by manu- 
i iil: sal Heating and Ventilating Engineers. ; cs. 
and practical value. 9%ed Annual Convention National Warm Air facturers. Electrical, steam, 
At the Stevens Hotel the Heating and Air Conditioning Association. water and compressed air 
Vational Warm Air Heating PLACE: Chicago services which are available 
and Air ( onditioning Asso- Exposition—lInternational Amphitheater, 42nd have been utilized to show 
ciation is holding its 23rd and Halsted Streets. equipment in actual opera- 
annual convention, Its pro- A.S.H.V.E.—Palmer House. tion. Many new products 
gram of papers and discus- N.W.A.H.A.C, Assn.--Stevens Hotel. are being unveiled for the 
sions deals with important TIME: Exposition—Opens 2:00 p. m., Monday, Janu- first time. Unusually strik- 
warm air heating and resi- ary 27, and 12 Noon other days. Closes 10:30 ing methods of display are 
. . °° ° | ¢ , ; P » 97. - a 
dential air conditioning sub- oe pp oer area thr ta —_ being employed to add beauty 
~ e? . . } 
jects. Wednesday and Thursday mornings, 9:30 to | and interest to the practical 
12:30. Joint session Wednesday afternoon | value of the showings. Of- 
The “Show” with N.W.A.H.A.C, Association. | | ficials and representatives of 
N.W.A.H.A.C, Assn. — Technical sessions | cad. camcere ane te Gitend- 
- ; a Wednesday and Thursday mornings. a 
The Exposition is spon- Joint session with A.S.H.V.E, Wednesday after- | ance at the booths to answer 
sored by the American So- noon. all questions. A_ detailed 
ciety of Heating and Ven- TIP: When in doubt go te “Illinois Chapter Con- listing of the exhibitors and 


tilating Engineers and will 
be formally opened by John 
Howatt, president of the 


vention Room” at Palmer House—information 
and social center. 
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what they are exhibiting ap 
pears elsewhere in _ this 
section. 
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The Meetings 


Aiter registration on Monday the pro- 
gram of the American Society of Heating 
and Ventilating Engineers at the Palmer 
House calls for technical sessions on Tues- 
day, Wednesday and Thursday mornings, 
with Wednesday afternoon devoted to a 
joint session with the National Warm Air Heating and Air Con- 
The latter organization 
Thursday 


ditioning Association at the Stevens. 
holds its technical Wednesday and 
mornings. 

The papers to be presented and discussed are listed on another 
page. They have been carefully selected to cover subjects of 
vital importance to current and future practice and the man who 
would keep abreast of his field will make it a point to be at 
the Palmer House or Stevens when those of particular interest 


sessions on 


to him are on the program. 

From an educational and informative standpoint this combi- 
nation of Exposition and meetings well deserves the descrip- 
tion of “The Industry’s Big Week.” Seldom, if ever, in the 
industry’s history has anything equal in scope or significance 
been presented in so complete and convenient a fashion. In a 
few days, all in the one city, are educational opportunities far 
more than the equivalent of months of study and travel. 


Recreation 
On the lighter side, recreation and opportunities for contacts 


and sociability have been just as carefully arranged. The IIli- 
nois Chapter of the American Society of Heating and V enti- 


iT) 





Palmer House Ballroom ready for the Banquet 


Heating - Piping 
«Air Conditioning ” 









The International Amphitheater 


lating Engineers is official convention host and, mindful of the 
fact that Chicago's own John Howatt is president of the So 
ciety, has spared no efforts to make the week a memorable one 
in hospitality and entertainment. General Chairman of Arrange- 
ments is J. H. Milliken, who, with Vice Chairman J. J. 
has effected a committee organization of Chicago members to 


Hayes, 


handle the reception, entertainment and other interests of visitors. 
J. R. Vernon heads reception activities; Tom Brown is in charge 
of entertainment; Carl F. Hayden is responsible for the ladies; 
J. P. Fleming is running the annual banquet; Byron L. Casey 
arranges transportation; Elmer W. Rietz handles the finances; 
and C. E. Price is in charge of publicity. 

An informal reception at the Palmer House Monday night 

. a get-acquainted luncheon on Tuesday . a house-warming 
party Tuesday evening with dance music and entertainment 
the annual banquet on Wednesday night, with dinner music, 
favors for the ladies, speakers and dancing later . . . are features 
of the program. At the banquet arrangements have been made 
for a broadcast by John Howatt on the Armco program which is 
dedicated that night to the air conditioning industry. The pres- 
entation of the F. Paul Anderson Medal and the Past Presi- 
dent’s Emblem also takes place at the banquet. Toastmaster is 
Oliver J]. Prentice and speaker of the evening is Major John L. 
Griffith, the title of whose address is “Competition in Athletics 
and in Business.” 

An “Illinois Chapter Convention Room” for members, ladies 
and guests of the Society will be open throughout the conven- 
tion at the Palmer House to provide constant opportunity for 
contacts and sociability with all those in attendance, as well as 
to be general information headquarters. It is in this room that 
the Monday night reception and the Tuesday night party are to 
be held, and it is to this room that every one should repair when 
the question is “What next to do?” 

The ladies will find their interests taken care of with plans 
for shopping, sight-seeing, bridge and other diversions to fill 
their time while not attending such functions as those above. 
The starting point for all such affairs is the Illinois Chapter 
Convention Room, 

It all adds up to a big week. The purpose of this special 
“Show” Section is to present the details for the guidance of 


those who wish to make the most of it. 








PROGRAMS 


AMERICAN SOCIETY OF HEATING AND VENTILATING ENGINEERS 
42nd Annual Meeting 


Palmer House January 27-30, 1936 Chicago, Ill. 














January 27 (Monday) 2:30 p. m. Meeting of Chapter Officers. 
9:30 a. m. Registration—Ball Room Foyer. 4:00 p. m. Organization meeting of Nominating Coramittee. 
10:00 a. m. Business Meeting (Red Lacquer Room). 10:00 p. m. to 1:00 a. m. House Warming Party. 
Greetings—President John Howatt. January 29 (Wednesday) 
Reports of Officers. 9:30 a.m. Technical Session—Red Lacquer Room. 
Reports of Council Committees. Performance of Fin-Tube Units for Air Heating, 
Reports of Special ee : 5 Cooling and Dehumidifying—G. L. Tuve. 
ommittce on Research, Prof. A. P. Kratz, Subjective Reactions of Human Beings to Certain 
_ Chairman. f : aa Outdoor Atmospheric Conditions—C.-E. A. Win- 
Guide Publication Committee, Prof. G. L. Larson, slow and L. P. Herrington 
_Chairman. eer. i : : Ventilation Requirements—C. P. Yaglou, E. C. 
Committee on Ventilation Standards, W. H. Riley and D. I. Coggins. 
Driscoll, Chairman. age Airfoil Fan Characteristics—W. A. Rowe. 
Committee on Constitution and By-Laws, W. T. 2:00 p.m. Warm Air Heating & Cooling Session with 
Jones, Chairman. ahs National Warm Air Heating and Air Condition- 
Report of Tellers of Election. ; : ing Association at Stevens Hotel. 
2:00 p. m. Opening of the Fourth International Heating and Siatit Surface Temperature of Glass in Windows— 
Ventilating Exposition—International —Amphi- J. E. Emswiler and W. C. Randall | 
theater, 42nd and Halsted Streets. 7:00 p. m. Annual Banquet and Dance—O. J. Prentice, Toast- 
3:00 p. m. Meeting of the Council. ; master; Maj. John L. Griffith, Speaker; Presen- 
8:30 p. m. Informal Reception—lIllinois Chapter Convention tation of F. Peel Anderson Medel end Past : 
Room, Palmer House. President’s Emblem. 


January 28 (Tuesday) 
8:30 a. m. Registration—Ball Room Foyer. 
9:30 a. m. Technical Session—Red Lacquer Room. 
Call to Order, by President John Howatt. 
Welcome to Chicago—Hon, Edw. J. Kelly, Mayor 


January 30 (Thursday) 
9:30 a.m. Technical Session—Red Lacquer Room. 
Comfort Standards for Summer Air Conditioning 
—F. C. Houghten and Carl Gutberlet. 
Corrosion Studies in Steam Heating Systems— 


of Chicago. 
R. R. Seeber, F. A. Rohrman and G. E. Smed- 


Thermal Properties of Concrete Construction— 
F. B. Rowley A. B. Algren and Clifford Carlson berg. 

Comparative Study of Combustion Results with Unfinished Business. 
Various Thermostats—B. E. Shaw. Installation of Officers. 

Fuel Saving Resulting from the Use of Storm New Business. 
Windows and Doors—A. P. Kratz and S. Konzo Resolutions. 


12:30 p. m. Get-Acquainted Luncheon (Members, Guests and Adjournment. 
12:30 p. m. Luncheon and Meeting of the Council. 


Ladies). 2 
2:30 p. m. Meeting of Guide Publication Committee. 


2:30 p. m. Meeting of Committee on Research, 


NATIONAL WARM AIR HEATING AND AIR CONDITIONING ASSOCIATION 
23rd Annual Convention, Stevens Hotel, January 29.30, 1936, Chicago, Ill. 


Research Advisory Committee Report, N.W.A.H. 
&A.C. Association—F, G. Sedgwick, Chairman, 
Minneapolis. 

Progress Report on Residence Cooling Using 
Water from City Service Mains—S. Konzo, Spe- 
cial Research Associate, University of Illinois. 


January 20 (Wednesday) 
President H. T. RicHarpson, Chairman 
8:30 a. m. Registration. 
10:00 a. m. Call to Order and Announcements. 
President’s Message, H. T. Richardson, New York. 
10:30 a. m. Federal Housing Administration—Recent Develop- 
ments and Progress Made—A. O. Eberhart, Fed- :00 p. m. Recess. 
eral Housing Administration. 00 p. m. American Society of Heating and Ventilating Engi- 
11:00 a. m. Insulation, Why and How—J. D. Hoffman, Purdue neers Banquet, Red Lacquer Room—Palmer 
University. House. 
11:30 a.m. The Application of Gas to Warm Air Heating January 30 (Thursday) 
Systems—H. B. Johns, Peoples Gas Light and Vice-President W. L. Rysott, Chairman 
Coke Company, Chicago. 9:30 a. m. Installation Codes Committee Report—J. D. Hoff- 


12:00 Noon Recess. man, Chairman. 


2 Go 


2:00 p.m. Joint Meeting of the American Society of Heating 10:00 a. m. Merchandising in Our Industry—L. R. Taylor, 
and Ventilating Engineers, and National Warm Utica, N. Y. 
Air Heating and Air Conditioning Association. 10:30 a. m. The Combination Furnace Heating and Cooling 
Chairmen—John Howatt, President A.S.H.V.E.; Plant—Platte Overton, Chicago. 
H. T. Richardson, President N.W.A.H.&A.C. 11:00 a. m. The Bituminous Coal Industry’s Program of Re- 


Association. search in Domestic Heating—Ralph A. Sherman, 
Room Surface Temperature of Glass in Windows Battelle Memorial Institute, Columbus, O. 

—J. FE. Emswiler and W. C. Randall, 11:30 a. m. Report of Board of Directors and Committees. 

A.S.HLV.E. 11:50 a.m. New and Unfinished Business—Open Forum. 
Outline of the A.S.H.V.E. Research—A. P. Kratz, 12:15 Noon. Election of Officers. 


Committee Chairman. 12:30 p. m. Final Adjournment. 
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On these pages will be found the names of manufac- 
turers who are exhibiting at the Exposition, their 
booth numbers, the names of representatives who are 
in attendance and a condensed list of the producis 
being exhibited. Those who desire to locate any 
manufacturer’s booth will find the exhibitor’s name 
listed in its proper alphabetical place and opposite it 
his booth number. The diagram of the exhibit hall 
is on another page showing, by number, the location 
of each booth. Any additional information will be 


NAME OF EXHIBITOR 
A. C. Ex, Ine., Chicago, Th... .. cece eee ee cecees 
Ace Engineering Co., Chicago, Ill............ 
Adams Engineering Co., Chicago, Ill......... 
Aerofin Corp., Newark, N. J........-+0-+e0+- 
Aerologist, The, Chicago, ITll................ 
Air Controls, Inec., Cleveland, Ohio.......... 


Airtherm Mfg. Co., St. Louis, Mo............ 
Aleo Valve Co., Ine., St. Louis, Mo............ 


Allis-Chalmers Mfg. Co., Milwaukee, Wis..... 
American Artisan, Chicago, Ill............... 


American Blower Corp., Detroit, Mich........ 


American Brass Co., New York, N. Y........ 


American Gas Accumulator Co., Newark, N. J. 
American Gas Association, New York, N. Y.. . 
American Gas Products Corp., New York, N. Y. 


American Radiator Co., New York, N. Y...... 


American Rolling Mill Co., Middletown, O.... 


American Sheet & Tin Plate Co., Pittsburgh, 
Miia.. acite Mikohe te tei o that kids kee ne ha aale sacwalen iw Ak 
American Society of Heating & Ventilating 
Engineers, New York, N. ¥.........ccceee> 


American Steam Pump Co., Battle Creek, Mich. 


American Steel & Wire Co., New York, N. Y.. 
American Thermometer Co., St. Louis, Mo... 
Anderson Mfg. Co., Cambridge, Mass......... 


Armstrong Bros. Tool Co., Chicago, Ml....... 


Armstrong Cork Products Co., Laneaster, Pa. 


Armstrong Mach, Wks., Three Rivers, Mich. . 


Automatic Burner Corp., Chicago, Ill......... 







List of Exposition Exhibitors and Their Exhibits 


gladly supplied by HEATING, PIPING AND AIR 
CONDITIONING at Booths 322-324, 


Available advance information on new products being 
shown for the first time at this show is given here- 
with, as well as information on operating exhibits, 
for the benefit of those who are particularly inter- 


BootHu No. REPRESENTATIVES IN ATTENDANCE 
Et nnéd Sotesy chamaskesdebaatheseSeusean 
Oe re Pee ne ere 


716....B. E. Adams, J. R. Hilton, P. A. 


ee eee 


338....John F. Hale, H. D. Jackes, L. C. 


Soule, Milner Noble........... 


Pe eee ee re ee ee ee 
19-21....W. B. Van Horne, B. G. Krause, 
H. Howell, O. A. Harris, J. P. 
ee yn ee 

Bese cat A. L. Byfield, Harry Himelblau.. 
avian Gn sa000¢e0ebobheees &ana 
219-221-223.B. F. Bilsland and staff......... 
$322-324....Keeney Publishing Co........... 
ee ee ere 
GRE-GB8 64 oc Ws SUON BROWS 6 oc ccacéccccssa 
idk wiih eek ditto kW ce db wi oa a ee ened we 
EE a biti teek ten we hana ete dies wa cea ne ie 
506....H. H. Dugdale, A. I. Wallace, T 


i: SEs ko ren deems Owed wees 
6-7 & 500...Arthur R. Herske, W. 
Timmis, Kimball Burr, W. H. 
Walker, J. H. Roberts, L. M. 
Butler, G. R. Atherton, R. F. 
Se bs chante dé neue euedan as 


238-240....T. I. 
Dadisman, D. C., 


3vrd, G. F. Ahlbrandt, R. A. 
oy 


8-10-20....F. C. Houghten and Society Staff 


706....W. P. Whittington, Gordon B. 
Fisher, Geo. A. Willis, Anthony 
ae RET Per re eres 


ME J wditn te da a dw ok nh ae oo alielaaaeaie ate don 
BY ici & od bk ware ae eae ah hates ale 
611....L. L. Lasher, Oscar Andersen, J 

i 6c ceteeeeeattahiene® 
129....William T. Armstrong, Horace 


Armstrong, J. O. Armstrong, L. 
F. Armstrong, Jas. A. Freeman. 
216....H. J. Krampe, C. W. Robinson, 


Ce ee icava ceweutna es bedeas 

115....A. E. Armstrong, T. H. Rea, O. 
BR Ee re ae a 
512-514....J. H. Hirsch, E. J. Reller, Joseph 
Hirsch, E. A. Weil, W. J. Sar- 


St “sd cake ede dba tebenedxsue 


> 


and operating details. 





ested in the latest developments and in construction 


Improved, modern design, 


however, is the feature of every exhibit and inspection 
of every booth is recommended. 


PRODUCTS ON EXHIBITION 
Instruments 


Water heaters 


Fan system heating and cooling sur- 
face 

Publication 

Blower—filter units for forced air heat- 
ing and air conditioning; air circu- 
lators; blowers for air conditioning 

Unit heaters 

Automatic refrigeration control valves 
for air conditioning and product 
cooling 

Motors, centrifugal pumps, rotary air 
compressors, V-belt drives, including 
the new vari-pitch sheave. 

Publication 

Air conditioners, unit heaters, fur- 
nace fans 

Deoxidized copper tubes with cast 
bronze and wrought bronze fittings; 
Everdur in the form of all welded 
tanks, castings, ventilators, ducts 
and electrical conduit; copper sheets 
for weather-proofing and damp- 
proofing 


Gas-fired boilers; water heaters. 


Oil burning boiler; boiler for auto- 
matic coal firing; boiler with year- 
round hot water supply hook-up; 
radiators and convectors; air con- 
ditioner; heating accessories; copper 
pipe and fittings; cast iron pipe; air 
filters 

Galvanized duct work showing aliffi- 
cult formations and construction 
details; world’s largest stainless 
steel polished sheet; photo—en- 
largements of typical duct installa- 
tions; samples of sheet grades and 
finishes adaptable to the air con- 
ditioning industry 

Sheets 


First public appearance of 1936 Guide; 
tickets on sale for social functions 
of conventions; research material 

Duplex vacuum heating pump 


Wire products 

Thermometers 

Air valves for direct and convector 
type radiators 

Steamfitters’ and plumbers’ tools 


Corkboard and cork covering; vibra- 
cork; temlok; insulating brick 
Steam traps 


Oil burners; boiler-burner unit; heat- 
ers; range burners; matched base- 
ment unit. 
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January, 1936 


NAME OF EXHIBITOR 
Automatic Heat and Air Conditiong, Chicago, 


oT ooo er 
Automatic Products Co., Milwaukee, Wis... .. 


Automatic Valve Corp., Chicago, Hl.......... 
autovent Fan & Blower Co., Chicago, Ill..... 


Baker Ice Machine Co., Omaha, Neb.......... 


Baldor Electric Caco Bt. Beetiie, Mi@e..cccccccs 


Barber-Colman Co., Roeckford, Ill. . 


Barnes & Jones, Inc., Boston, Mass.......... 
Beaver Pipe Tools, Inc., Warren, O.......... 


Bell & Gossett Co., Chiengo, Ill.............. 


Bethlehem Steel Co., Bethlehem, Pa......... 
Breuer Electric Mfg. Co., Chicago, Tll........ 


Brown Instruments Div... Minneapolis-Honey- 
well Regulator Co., Philadelphia, Pa....... 


Bryant Heater Co., Cleveland, 0............ 


Buffalo Forge Co., Buffalo. N. Y............. 
Berdete Mes. Ce., Ciemae, BE... 2. cccccccvces 


Burge Ice Machine Co., Chicago, Il.......... 


Burgess Battery Co. (Acoustic Div.), Chi- 
eago, Ill, 
Burke Stoker & Mfz. Co., Chicago, Ul........ 


Burnham Boiler Corp., Irvington, N. Y....... 


Carbondale Machine Corp., Harrison, N. J.... 


Carnegie-Illinois Steel Corp., Chicago, Ill... . 
Carrier Engineering Corp., Newark. N. J..... 
Carter Coal Co., Cincinnati, O............... 
Cashin Co., W. D., Boston, Mass............. 
Century Electric Co., St. Louis, Mo........... 


Heating -Piping 


wiAir Conditioning 


BootTH No 


haat 
BART: 
P31-233.... 
BSG sac 
oo) ee 


344-346 ... 
434—436.... 


GOS. css 








.Burge Ice 


.F. A. Mudgett, C. L. 


REPRESENTATIVES IN ATTENDANCE 


2 Johnson, W. E. Schuetz, E 
A. Vallee, Donald Tmey....... 


G. J. Kalwitz, C. E. Wandas, J 
E. Truitt, E. Ackerman, C. E 
Ciagee, Tome BEOWR.< vccsesers 
Machine Co., Inc..... 


.O. A. Baumann, E. W. Bruce, D 
Py 1644 e0e ne oSeeeewrbee 
.R. P. Dewey, C. J. Braatz, T. K. 


Greenlee, D. J. Stewart, E. §S 
Huffman, H. E. 
Foley, D. R. Farquhar, 
Plaehn, C. F. 
Shilling, R. H. 
Deppmann, Barton D. 
R. S. Bohn, G. W. 
O'Day 


.W. S. Andrews, E. R. Barkley.... 
.E. J. Gossett, C. E. Pullum, R 
E. Moore, B. A. Bornquist, Al. 
a SS Se ae 
i, i Ss oc. 00e newedan ee éeesem 
Cc. A. Bremmer, D. E. Campbell 
Be GE I so 0 0a bb 0 6000406 


Saunders, L. 
M. Morley, R. A. West, R. L. 
Goetzenberger, H. M. Schmitt.. 


ee ere ee 
Cc. C. Cheyney, C. A. Booth, E. F. 
Wendt, L. D. Emmert, S. M. 
TOE ccebduanedeaweee tees oa 
James A. Lytle, T. Tesmer, R 
Cleveland, J. E. Orr, Cc. F. 


UO 400646 bedeseaweve eee 
B. S. Reynolds, E. A. Sipp, W. 
Manning, R. Horrigan......... 
A. E. Bastedo, A. P. Weiss, J. 


Balter, V. A. Good, A. F. John- 
 neneke nee wed eb dndeesseaas oe 


Schmitt, H. A. Porter, H 
L. Madsen, H. J. Paul, R. J 
Russell, Geo Smith, C. H 
Lankford, G. C. Henderson, G. 
H. Hodgskiss, Oliver S. Imes.. 


Century Engineering Corp., Cedar Rapids, Ia. . 528-530 J. A. Lattner, M. D. McWilliams, 
De We Bs caadcecevéennndeds 
Chace Valve Co., W. M., Detroit, Mich....... 119 .J. C. Schwab, S. R. Hood, B. A 
PE. Bendbadtuws eave esas 
Chalmers Oil Burner Co., Minneapolis, Minn. . Bee cc onde heen eer ia cae aes ae be ks eae 
Chapman Clay Co., Zanesville, O............ 13 .A. L. Byfield, Harry Himelblau 
G. H. Enteman, 8S. L. Bartlett, 
H. S. Bowers, W. P. Dosey. 
Introducing for the first time at this show....New series 


thermo valves by Alco Valve Co., Inc., St. Louis, Mo.... 
New unit heater by American Blower Corp., Detroit, Mich., 
the first to have decibel ratings....New air conditioners, air 
lters, rapid venting valve with half-inch venting port for 
se on steam mains and an adjustable orifice venting valve 
or radiators on one-pipe steam and vacuum heating systems, 
by American Radiator Co., New York, N. Y....The 
orld’s largest stainless steel polished sheet, 84x90 in., mir- 


feature by 


trol motor rated at 





Shugars, W. J. 
hE & 
Hayden, H. C. 
Wittbold, R. L. 
Wood, 
Bohn, C. N. 
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EXHIBITION 


PRODUCTS ON 


Publication 

Automatic controls for air condition- 
ing, commercial refrigeration and 
heating, including expansion valves, 
solenoid valves, thermostats, hu- 
midity regulators, draft regulators, 
constant level oil valves 

Valves 

Propeller 
blowers, 


fans, unit heaters, volume 


louvres 


Four - cylinder “Freon” 
unit 


Electric 


compressor 


motors for air conditioning 


in constant and variable speed 
types 
Electric system of temperature and 


humidity control, grilles and regis- 
ters. Air conditioning controls for 
complete control of temperature, 
moisture content, direction, diffu- 
sion and aspiration of air 


Vacuum heating specialties 
Pipe cutting; threading and 
tools and machines 


reaming 


Indirect water heaters, circulators, 
submerged heaters, motorized 
valves, hot water heating special- 
ties 


Sheets for air-conditioning systems 
and steel pipe for heating systems 
Furnace and boiler vacuum cleaners, 
portable electric blowers 

Recording and automatic control in- 
struments for relative humidity, 
temperature, pressure and flow, in- 
cluding both electrically and air- 
operated valves 

Dehumidifier, winter air conditioner, 
humidifier, boiler, dualator 

Fans, unit heaters, air washers 


tadiant heat gas burners for 
heating: manual proportioning con- 
trol valves and proportional mixers 

Air conditioning equipment for indus- 
trial plants, florists. offices, homes, 
restaurants, etc. See Baker Ice Ma- 
chine Co. 

Acoustic duct lining 


space 


Stokers 
soilers, 


and 


tank heaters, air 
unit heaters 


radiators, 
vacuum valves, 


Refrigeration condensing units; ver- 
tical-mounted air conditioning unit; 
suspended and floor type room cool- 
ers 

Steel products 

Air conditioning 

Coal 

Valves 

Single phase and polyphase motors, 
especially adapted for use in air 
conditioning and refrigeration, mul- 
tispeed, high torque and quiet 


equipment 


Air conditioner furnace unit: boiler- 
burner unit: oil burning water 
heater; full line of oil burners 

Thermostatic bimetals 


Oil burners 
Furnace 


stucco 


lining; cast refractory; 


ror finish, by American Rolling Mill Co., Middletown, O 
....New propeller fan embodying a non-overloading power 
Autovent Fan & Blower Co., Chicago, 
Improved type tankless heater and many innovations in hot 
water heating specialties by Bell & Gossett Co., Chicago, III 

.A high power valve operator made for either high or 


ee 


low voltage operation and a new oil-immersed damper con- 
1,000 
Colman Co., Rockford, Ill....A compact, 


Ib-in. torque, both by Barber- 


close-coupled cen- 
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NAME OF EXHIBITOR 
Chase Brass & Copper Co., Waterbury, Conn... 
Chicazo Pump Co., Chicago, Ill..........-.-- 


City of Chicago, Board of SE 


City of Chicago, Dept of Smoke Inspection 
and Abatement eee ecccve 
Columbia Steel Co., San Francisco, Cal...... 


Cook Electric Co., Chicago, Ill............... 


eeeee . eeeeee eeeeee 


Cork Import Corp., New York, N. Y.......... 
Crane Co., Chicago, TB... ccc ccc ccc cccecccce 


Crowe Nameplate & Mfg. Co., Chicago, Ill... . 
Cyclone Fence Co., Waukegan, Ill........... 
Dail Steel Products Co., Lansing, Mich...... 


Dayton Rubber Mfg. Co., Dayton, O......... 
De La Vergne Engine Co., Philadelphia, Pa... 
Delco Appliance Corp., Rochester, N. Y...... 


Detroit Lubricator Co., Detroit, Mich........ 


Dole Valve Co., Chicago, ll..... 


Domestic Engineering, Chicago, Ill.......... 
Dreis & Krump Mfg. Co., Chicago, Ill........ 
Dunham Co., C. A., Chicago, Tll.............. 


Eagle-Picher Sales Co., Cincinnati, O........ 


Economy Pumping Mchy. Co., Chicago, Il... 


Eddy Stoker Corp., Chicago, lll.............. 
Electric Air Heater Co., Div. American Foun- 

dry Equiment Co., Mishawaka, Ind......... 
Electrimatic Corp., Chicago, Tll............. 
Beestrel, Emme. CebGbem, We d.nccccccccessseces 
Ellison Draft Gage Co., Chicago, Ill.......... 
Emerson Elec. Mfg. Co., St. Louis, Mo....... 


Enterprise Boiler & Tank Wks., Chicago, Ill. . 


Evans Corp., Geo., Moline, Ill............... 


Excelsior Steel Furnace Co., Chicago, Ill..... 














Bootu No. 


Heating - Piping 
aiAir Conditioning 





REPRESENTATIVES IN ATTENDANCE 


BEE—SSO cc cccccccsccccccccccccocccsecvescees 


804-806....Herman N. 


804-—806....H. D. 
52-53 
i Se ee 


428 & 527—529-531.. William 


107-109-111.R. H. 


410 


432....M. 1 


306....W-. &, 


504....4 A. G. 


212 


6-7... 


Weil, H. E. Martin, E. A. 
Ehrlich, L. P. Blattner, J. Ober- 
maier, D. Boyell.....ceccsces ae 


Bundesen, M. D.; 
Jones, M. D.; Joel I. 
John J. Aeberly, 
Ee oe 


Hugh 0. 
Connolly, 
Mathew J. 


Folds, Baker, J. F. 
Jaap, A. M. Wilkins, R. Schultz. 


Stewart, G. H. Drake, 
ORNs 600 osecnneebees 


-Wm. E. 
&. . 


Glen, C. A. Olson, George 
Larson, W. H. Baker, Jr., J. 
Re a, RS os kw hd wo enan eee 


Hann, C. J. Swan, E. J. 
Doucet, K. B. Thorndike, L. O 
Grauer, G. A. Wegner, J. S. 
Snyder, R. L. Campbell, J. F. 
McKenna, I. J. Knudson, K. Sy- 
meomde, FH. ©. TUG. cn cccsceccs 

.F. Lund, Stuart G. Phillips, F. 
M. Thomson, A. L. Toll, Chas. 
Gh. WE Ge eenbantectdsusace 


Zingheim, W. J. 
Mauer, George Mansinger, F. E. 
Schmidt, C. M. Brigham, Oliver 
J. Prentice, A. J. Dickey, H. D. 
Henion, M. W. Shears, D. Me- 
CN  b.nnd 66600006 60e0'sbén' 

ais Cth ai PDs 6i6 on onde bbb weneds 


Thomas, L. G. L. Thomas, 
W. W. Huggins, H. R. Ryan, A. 
W. Kerr, L. M. Nechine, D. E 


DP cc: cdestwihendl ackahewe 
OOF céwkeked bowed haan oe ceakwadeatasnenes 
625 .H. A. Soverhill, E. L. Rostiser, 
James Shamo, Martin H. Kid- 
GOP ah oceks 144400000 bones Suess 
707....H. S. Dekker, C. F. Toussaint, 
E. M. Toussaint, H. L. Beekley. 
EE ee re ee eee 
ee PT eT 
-509....M. C. Miller, L. F. Blough, R. E. 
Otto, T. Exan, W. C. Davis, J. 
a. De « Dececuameuwhbaoan 
642. .E. J. Schimke, M. J. Hirsch, B. J 
ere re ee rn 
624....Wm. F. Evans, Reid Evans, Clark 
Ts ID = cc ccatide ta wi aie Sirah gs woe 
736 Cc. E. Glessner, F. E, Ford, A. B. 


Glessner, J. J. Holub, C. Kolar, 
P. Crowley, Carl Gustavson.... 


So. Wea Be sb a6 '00s'0's 





trifugal pump, 3 to 600 gpm against heads up to 189 ft, by 
Chicago Pump Co., Chicago, Ill....A new type thermostat 
by Detroit Lubricator Co., Detroit, Mich....A new asbestos 
ement for setting up furnaces, stoves and retorts by Fire- 
line Stove & Furnace Lining Co., Chicago, Ill....In cele- 
‘ration of the beginning of its 50th anniversary, new oil- 
ind coal-fired residential steel boilers, equipped with domes- 
for summer and winter use, by 
gibbons Boiler Co., New York, N. Y....A coal-burning and 


tic hot water coils 


Elyria, O.... 
of machines just 
pacity. 


Fitz- 








out by 
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PRODUCTS ON EXHIBITION 

Copper products 

Return line vacuum pump for heating 
systems, condensation pump and re- 
ceiver, horizontal split case double 
suction pumps, new close-coupled 
pumps (motorpump type) 


Working model illustrating water 
contamination by a cross-connec- 
tion of an ice machine condenser 
and sewer, and syphonage from a 
fixture 

Displays on proper firing of coals 

Steel products 

Thermostatic controls for domestic 


heating plants; zone controls; vapor 
motors; automatic valves; metal 
bellows 

Cork insulation, 
lation 


cork machinery iso- 


Oil-burning boilers, coal-fired boilers, 
gas-fired boilers, conversion burn- 
ers, radiation, valves and fittings 

Dials and nameplates 

Steel products 

Systems of heating, 
conditioning 

V-belt drives 

Pumps 

Winter 
boiler 

Mechanical and electrical controls for 
oil burners, gas burners, stokers, 
refrigeration and air conditioning 


cooling and air 


air conditioner, oil burner, 


Air and vacuum valves 


Publication 

Sheet metal tools 

Differential vacuum heating system, 
unit heaters, concealed radiators 


blanket insulation, 
home insulatien, asbestos cement, 
weather-proofing cement 

Double suction centrifugal pumps; 
sewage pumps; close-coupled cen- 
trifugal pumps 


Plastic insulation, 


Stokers 
Industrial, 
tric air 


portable and built-in elec- 
heaters 


Pressure, temperature and electrically 
operated valves; water regulators; 


refrigerant control and regulating 
valves; safety blow-off valves for 
refrigerant and steam 

Oil burners 

Air filter gages, pitot tubes, draft 


gages, portable gas analyzers, steam 
calorimeters 
Motors, exhaust fans, ventilating fans, 


furnace blowers, furnace fans, air 
circulators 

Mechanical built-in heater with fil- 
ters, controls, humidifier and blow- 
er; furnaces 

Winter air conditioner for use with 
fuel oil or gas 

Furnaces; air conditioning unit; rec- 
tangular forced-air ducts and fit- 
tings; warm air furnace pipe and 


fittings; gas vent and flue pipe and 
fittings 

Indirect water heaters; tankless heat- 

mixing and cleaning valves 


ers, 


a gas-fired air conditioning furnace unit by Fox Furnace Co., 
\ new 20 ton low pressure refrigerating unit 
with four cylinders arranged in a V-pattern, one of a pair 
brought 
Pa., the smaller one with three cylinders and a 15 ton ca- 
... Effective temperature control instruments; a “win- 


Frick Co., Waynesboro, 


dowstat,” an instrument which provides protection against 
window condensation during cold weather; and a new hand- 
aspirated psychrometer by Julien P. Friez & Sons, Inc., 














NAME OF EXHIBITOR 
Fairbanks, Morse & Co., Chicago, Hll........ 


Fodders Mfg. Co., Inc., Buffalo, N. Y......... 
Federal Housing Administration............. 


Fee and Stemwedel, Inc., Chicago, Ill........ 


Fireline Stove & Furnace Lining Co., 
GE, Te ccccwresvecseve valveetSesesoneeeee 


Fitzgibbons Boller Co., Inc., New York, N. Y.. 


Ven Purnace Ce., Blyria, ©.........ccccccces 


Frick Co., Inc., Waynesboro, Pa.............. 


Friez & Sons, Inc., Julien P., Baltimore, Md.. 


Frigidaire Corp., Dayton, 0..............46.. 


Feel Oil Journal, New York, N. Y.. 
Furblo Co., Hermansville, Mich.............. 


Garden City Fan Co., Chicago, Hl............ 
Gaskoal Corp., Chicago, HMl................6.. 


General Electric Co., Bloomfield, N. J........ 


Gilbert & Barker Mfz. Co., Springfield, Mass. . 


Grinnell Company, Inc., Providence, R. I.... 





BooTH No. 


Heating - Piping 
aiAir Conditioning 





REPRESENTATIVES IN ATTENDANCE 


239 &140....W. H. Wallbaum, W. J. Burchill, 


T. B. R. Peters, F. F. Stevenson, 


W. G. Kenyon, H. L. Bilsbor- 

ough, Warren Johnson, L. G. 

a eee 
610....E. R. Walker, Mare Shantz.. 

coowmaw. FT. Mead... as tonewithswa 

135....R. L. Fee, A. L. Stemwedel, H 

SE a nu.20 bh es adie dekh ee nbes 


6....C. A. 


7....Paul K. Addams, Ray C. Malvin.. 


Olsen, M. M. Suppes, J. E. 
Maynard, Geo. Boeddener, E. P. 
Hayes, E. C. Harr, F. C. Evans, 
M. H. Klett, W. L. Tulburt.... 


128....W. H. Aubrey, A. N. Chandler, F. 

R. Zumbro, J. H. Carter, A. E. 

Roebke, Van J. Sparks, S. C. 

meoem, FT. ©. BMietes...ccces rr 
320....Denis McCormack, Kenneth E. 
Whitney, Irving Willett, Rich- 

ard P. Sunderland, Lucien L. 

DT L.tecieatekaleaeu. <aeenawss 

PD << c chev at wath sc eee hee ke eee emcee 
EEE ada Al alain Adlai id. 6 echie aaa nee a tele eile ans 
536....1. W. Rowell, A. R. Meiche, G. A. 
TD sncecevsece Oe eA ee 

517 Ba. Bete, Or. SUPP cc cccecdue 
a ee ete ore ° 

D ate dveckcowsukaaseteseuues sane quae aon 
709-711....8. C. Hope, H. F. Tapp, E. J. 
Enoch, E. R. Walsh, Jr., W. C. 

Emeitem, TA. C. Beeeeet. .cccccsccs 


959799 


....H. P. Conway, A. W. Moulder, D. 
O. Anderson, A. B. Donkersley, 


L. A. Dunbar, W. Becker, J. F. 
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PRODUCTS ON EXHIBITION 

Automatic coal burners for hon es, 
apartments and commercial est ib- 
lishments; floor type, wall type : nd 
ceiling suspension type air condi- 
tioning units for homes, stores, of- 
fices, etc.;. refrigeration compressor 
unit 

Unit heaters and refrigeration unit 

Literature and posters on moderniza- 
tion credit 


Thermometers, barometers, humidity 
indicators 
Furnace lining, furnace cement and 


refractory materials 

Steel heating boilers for residences 
and commercial buildings 

Gas-fired air conditioning unit oper- 
ating with zone control; oil burn- 
ing air conditioner with operating 
refrigerating machine to demon- 
strate cooling; oil burning air con- 
ditioning unit; coal burning air 
conditioning unit 

Refrigerating machinery designed for 


air conditioning work 
Humidistats, thermostats,’ effective 
temperature control instruments, 


electrical relays, humidity and tem- 
perature indicators, air meters, psy- 
chrometers, anemometers, recording 


instruments, instrument for pro- 
tection against window condensa- 
tion 

Refrigeration and air conditioning 
equipment 

Publication 


Package units and a blower suitable 
for use by furnace manufacturers 


for complete mechanical heating 
units 

Fans and blowers 

Domestic heating plant using pul- 


verized coal as fuel 

Oil furnaces, gas furnaces, air condi- 
tioning units, warm air condition- 
ers, store coolers, condensing units, 
room air conditioners 

Complete line of oil burners, air con- 
ditioning units and boiler-burner 
units 

Unit heaters, air conditioning units, 
welding fittings, traps and heating 
specialties, adjustable pipe hang- 








Paus, A. E. Nordahl, C. L. Me- ers, cast and malleable iron fit- 
Ginnis, T. R. Horan, H. F. tings, convectors, automatic sprin- 
OS ee a a ee klers 
HMardinge Oil Burner Co., Chicago, Ill........ 9....W. J. Price, F. O. Shoemaker.... Oil burners; pressure burners; rotary 
burners; boiler-burner unit;  oil- 
burning furnace air conditioning 
unit 
Hart & Cooley Mfg. Co., Chicago, Ill......... ME paced Ged ch pinks Had noone es Sel adi whe Directional air conditioning registers 
and grilles 
Mealth-air Systems, Inc., Detroit, Mich...... a ok ache ded has oho ebweds dab eneees 6s KO Furnace air conditioning unit 
Heating & Ventilating, New York, N. Y...... accu neha wit ahi 6S ware ews eee a ee Publication 
Heating, Piping and Air Conditioning, Chi- 322-324.... Keeney Publishing Co........... Publication 
OS eee ee eee eee ee Te 
Buets Oe., Milbwawizee, Wis. .... 0. cccsccccsces 207....Julius P. Heil, Joseph F. Heil, C. Furnace-burner units, boiler-burner 
B. Tamm, H. F. Pugh, C. C. units, oil burners 
Walton, George Hochstein, 
John Kunzelman, H. C. Frent- 
Be! Set ahie duct awhhdees ccaBeuans 
Henry Furnace & Fdry. Co., Cleveland, 0.... Ch tes the ey diene ck beatae bie ees w aes Air conditioning furnace units, sheet 
metal ducts and fittings 
Henry Valve Co., Chicago, Ill................ See Gre sida o ehetia th Srinath se het ties Refrigeration valves and fittings 
Henaszey De-Concentrator Co., Watertown, 13....A. L. Byfield, Harry Himelblau. Feed water meters and hot water 
eta s Chin aie 460 GR d6' nb bd e dw ua wemnls a6 & 06 meters 
Hess Warming & Ventilating Co., Chicago, Ml. Dl .2. 564 asia ae be bok dee ea eee aeh a we eS we Warm air furnaces and air condition- 
ing units 
Hexcel Radiator Co., Racine, Wis............ 17 JI. G. Zummach, Lee Larson..... Hot water portable electric room 
heater; portable electric humidifier 
Baltimore, Md....A completely automatic coal burning heat- tic sheets, a new product developed by Johns-Manville, New 
ing plant, using pulverized coal, by Gaskoal Corp., Chicago, York, N. Y., for use in quieting ducts of air conditioning sys- 
eer A portable electric humidifier and a portable electric tems....Stock factory made forced air fittings by Lamneck 


room heater by Hexcel Radiator Co., Racine, Wis....A line 
of radiator traps and combination float and thermostatic traps 
by Illinois Engineering Co., Chicago, Ill....A new duct jet A 
for direct reading air velocity meter by Illinois Testing Lab- 
oratories, Inc., Chicago, Ill....A six stage air conditioning 
furnace unit by Joliet Heating Corp., Joliet, Ill. ...Air-acous- 


humidifier water 


Peoria, 





Products, Inc., Columbus, O....New line of blower wheels 
and housings by Lau Heating Service, Inc., Dayton, O.... 
control, 
McDonnell & Miller, Chicago, Ill....New type oil fired win- 
ter air conditioning furnace unit by Meyer Furnace Co., 
Ill....An oil fired air conditioning furnace and a 


new ‘low water cut-off by 
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NAME OF EXHIBITOR BootHu No. REPRESENTATIVES IN ATTENDANCE 
Hime!lblau, Byfield & Co., Chicago, Ill........ 11-13-15....A. L. Byfield, Harry Himelblau, 
Wm. P. Dosey, F. C. Peterson, 
S. L. Bartlett, H. S. Bowers, G. 
H. Enteman, R. E. Anderson... 


Hoffman Specialty Co., Inc., New York, N. Y.. SEEDS «a, diva: n'erde tp ae eae bee aie 
Holeomb & Hoke Mfg. Co., Indianapolis, Ind. 712-714....P. F. Kuhlman, De Young, E. J. 
Ostermeier, A. H. Vigdor, Carl 
Hoebner, E. M. Brackett, C. W. 
DONE woos toccncecsesseedates ee 
Holtzer-Cabot Electric Co., Boston, Mass..... 241....F. P. Dismore, W. R. Fraser, R. 
ch GEE: hanennd staacesunebeden 
Hotstream Heater Co., Cleveland, ©......... 136....L. R. Mendelson, Geo. G. Gebhart, 
Ce a: es nc os cnt eswenes 
Howe Ice Machine Co., Chicago, Hl........... 23....H. B. Howe, C. W. Howe, C. J. 
PRONG: actkcackwes vacate udens 
fig Electric Ventilating Co., Chicago, Hl..... 124....Byron Casey, Harry Lagodzinski, 
Alfred DeSmet, Jack Worsdell, 
Milton Arenberg, C. W. Dex- 
COP ccccecccceceeseveceecesecos 
Illinois Engineering Co., Chicago, Ill........ BBR-BS8... 4F. Ta TERPOGAR s 0 oo sicn ccscescses 
Illinois Iron & Bolt Co., Chicago, Ill......... ee ee eae 
Ill. Testing Laboratories, Inc., Chicago, Ill... 419....M. D. Pugh, J. F. Inman, J. A. 
| PPT TTTT TTT TTT rte 
Imperial Brass Mfg. Co., Chicago, Hl......... SOE Siesbensdcacktadoanseuncnddeabenntenes 
Independent Register Co., Cleveland, 0....... 318....E. C. Fox, Blair A. Quick, B. N. 
Pre sapeeen 
Ingersoll-Rand Co., New York, N. Y.......... Os 66 cee ee eC No wabedeeetaeeaen 
Iron Fireman Mfg. Co., Cleveland, O........ 308....H. H. Kurtz, William O’Neil..... 
Iroquois Coal Co., Indianapolis, Ind.......... 712-714....P. F. Kuhlman, DeYoung, E. J. 
Ostermeier, A. H. Vigdor, Carl 
Hoebner, E. M. Brackett, C. W. 
NE Sees es 665644 b GES ROT KOR 
Jenkins Bros., New York, N. Y............... RN i eee he ee oe ae aes 
Johanson Water Heater Co., Chicago, Ill..... 130. <v -eUNNOll W. FJORBMBOR..cccccceces 
Johns-Manville, New York, N. Y............. SSF aitanenunacnae bsuas kbs hebeedweweaaah 
Johnson Co., S. T., Oakland, Cal............. 510....J. C. Johnson, F. C. Staples, 
Daniel E. Johnson, M. R. Gro- 
Dl Scctekwotanbenenantkedaneae 
Johnson Service Co., Milwaukee, Wis....... §21-523....P. D. Gayman, C. A. Storch, F. R. 
POE a arvacensasenban$s064b0% 
Joliet Heating Corp., Joliet, Tll............. 638....E. J. Huber, R. W. Menk, Lee 
Colburn, Jacques Tyrol........ 
Jones & Laughlin Steel Corp., Pittsburgh, Pa. 208....W. H. Wiewel, H. L. Miller, M. 
A. Blessing, A. E. Crockett, G. 
C. Shidle, I. A. Mlodoch, J. F. 
Worse, Dd, BFWiRc cccccceess 
Kaimer & Co., Chienge, MM... ... 2.0... cc ccccee a eee eae 
Keashbey & Mattison Co., Ambler, Pa........ 437....R. C. Nelson, J. R. Adams, J. L. 
McGregor, H. N. Berger, H. F. 
Brammann, W. A. DeVaney, R. 
M. Dewar, F. T. Dolen, S. M. 
Durham, H. C. Green, R. W. 
Sanders, W. A. Ross, S. W. Le- 
PO cvacseevenenasedennesea< 
Keeney Publishing Co., Chicago, Hl......... 322-324....F. P. Keeney, W. J. Osborn, R. 
P. Wettstein, C. E. Price, R. A. 
Jack, C. M. Burnam, Jr., J. D. 
Wilder, F. Kottra, J. D. Thomas. 
Kelvinator Corp., Detroit, Mich............. 55-56-57....J. K. Knighton, J. S. Garceau.... 


PRODUCTS ON EXHIBITION 

See Alco Valve Co., Airtherm Mfg. Co., 
Chapman Clay Co., Dail Steel Prod- 
ucts Co., Henszey De-Concentrator 
Co., Korfund Co., Midwest Piping 
& Supply Co., Turney Corp. 

Venting valves, supply valves, ther- 
mostatic traps; vacuum and con- 
densation pumps; zoned controlled 
heat systems 

Stoker 


Motors and controls for air condition- 
ing apparatus, unit heaters, oil 
burners, blowers and fans 

Commercial and industrial draft con- 
trols; indirect heaters; summer and 
winter control for hot water instal- 
lations; large volume water heat- 
ing units 

“Freon” condensing unit operating 
on ceiling type comfort cooling 
unit; 1 H.P. condensing unit; air 
cooling coil; compressor parts 

Spot cooler; ceiling-type cooling unit; 
blower with variable air controller; 
volume blower; self-cooled motor 
propeller fan 

Line of steam heating’ specialties 
and zone control equipment for 
heating systems. Glass model high 
pressure steam trap working under 
steam 

Stokers 

Direct-reading air velocity meters; 
distant-reading thermometers; py- 
rometers and accessories 

Welding equipment 

Forced air and conditioned air reg- 
isters and grilles 

Water vapor refrigeration 

Automatic coal burners for residences 
and small commercial jobs; stokers 
for large commercial-industrial jobs 

Holcomb & Hoke stoker 


Valves 

Submerged water heaters, oil pre- 
heaters, steam coil heaters 

Rock wool home insulation; industrial 
insulation products; duct insula- 
tion sheets 

Rotary oil burners, water heaters and 
house heating combination units 


Automatic temperature control sys- 
tems for heating, cooling, ventilat- 
ing and air conditioning 

Steel furnaces; air conditioners 


Seamless and welded pipe; hot rolled 
seamless steel boiler tubes; flat and 
cylindrical coils, joints made with 
seamless pipe; construction products 

Governors, relief valves, reducing 
valves, strainers 

Insulations 


Publications and books on air condi- 
tioning 


Refrigeration condensing units; air 
conditioning units, including self- 
contained and floor type cabinet 
models, suspended type models and 
cooling coils; conversion type oil 
burners and boiler-burner units 





gas fired boiler by L. J. Mueller Furnace Co., Milwaukee, pillow block by Randall Graphite Products Corp., Chicago, 


Wis....Copper tube and fin heat transfer surface employing Ill....A new spray humidifier with new self cleaning spray 
two steam distributing tubes inside each of the regular con- nozzle for use with warm air furnaces by Rega Mfg. Co., 
densing tubes by John J. Nesbitt, Inc., Philadelphia, Pa.... Rochester, N. Y....A domestic humidifier for installation 
First group of new automatic controls for heating, ventilat- in the smoke pipe of a warm air furnace by Rochester Mfg. 

air conditioning and refrigeration by Perfex Controls Co., Inc., Rochester, N. Y....New oil burner controls, new 
Co., Milwaukee, Wis....A double reservoir, the upper en- stoker controls and a new dehumidifying liquid by Russell 


tirely separate from the lower, self aligning, self lubricating Electric Co., Chicago, Ill....Graduator system of tempera- 













46 


Kewanee Boiler Corp., Kewanee, Ill.......... 


Kleen-Heet, Inc., Chicago, Tll................ 


Korfund Co., Long Island City, N. Y......... 
Lamneck Products, Inc., Columbus, 0.. : 


Lau Heating Service, Inc., Dayton, O......... 


Lennox Furnace Co., Mashalltown, In........ 
Maid-O-Mist, Inc., Chiengo, Ill............... 


Marsh Corp., Jas. P., Chiengo, Ill............. 


May Oil Burner Corp., Baltimore, Md......... 
MeCord Radiator & Mfg. Co., Detroit, Mich... 


McDonnell & Miller, Chiengo, Hl............. 


Mercotd Corp., Chicago, Tl... ........6 6.0 e cc eee 


Meyer Furnace Co., Peoria, Tl... ...........45- 


Midwest Piping & Supply Co., St. Louis, Mo.. 
Milwaukee Valwe Co., Milwaukee, Wis........ 


Minnenapolis-Honeywell Regulator Co., Minne- 
apolis, Minn. ... 
Modine Mfx. Co., Racine, Wis... .. 


Monarch Mfg. Wks., Ine., Philadelphia, Pa.... 


Motor Wheel Corp., Henter Division, Lansing, 
Mich. 


Mueller Brass Co., Port Huron, Mich......... 
Mueller Furnace Co. L. J.. Milwaukee, Wis... 


National Radiator Corp., Johnstown, Pa. . 


ture control designed to control temperature of large build- 
ings directly by the weather by Sarco Co., Inc., New York, 
a multi-coil in- 


tankless hot water heater 


Me Bixecsan 


direct heater by Taco Heaters, Inc., New York, N. Y.... 
New pressure oil burner and new series of oil burning boil- 
ers by Timken Silent Automatic Co., Detroit, Mich....A re- 
over-heat prevention 


kindling control with automatic 


stokers and a new line of clock controlled switches for use 
with single or dual thermostats by Tork Clock Co., Inc., 


and 


633-635... 
Pee 


120--122... 


13 
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} ae 
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148 


408... 
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Are Beare: B. Ee. BOTA. kos cocues 


Hirsch, E. J. Reller, Joseph 
E. A. Weil, W. J. Sar- 


Hirsch, 
rasin 


....A. L. Byfield, Harry Himelblau... 
..--Perl 8S. Miller, C. 


M. Butler, H. R. 
Semen, BD. Th. PAM ccc cccccceses 


Tae Wi Be Ge sews evscss 


.E. N. Stahler, R. D. Strickler..... 
W. J. Woolley, O. V. Woolley, E. 
W. Sanborn, A. B. Smith...... 


Scudder, R. T. 
Rose, O. W. 


.c. H. Olmsted, B. 
Hedfield, A. D. 


Hage, E. Kluger, T. Kenney, 
F. L. Ziccarelli, J. Emmett, 


W. Yorke, F. 
Grave, H. T. 


Cc. H. Bevington, 
Tarrant, M. De 
Dn. cuekeewsteeneneesacuas 


.E. N. McDonnell, Jack McDonnell, 
Nils Swanson, Bruce Adams... 


_J. N. Derby, Jr., J. W. Owens, A. 
Erickson, R. F. Fisher, A. N. 
Schuitz, A. W. Barr, A. W. 
Widdowfield, H. A. Matthews.. 

.George F. Meyer, George Harms, 
Frank E. Mehrings, Frank L. 
Meyer, W. E. Lock, H. C. Hoff- 
man, L. M. Baugh, J. B. Sauer, 


H. L. Jackson, A. R. Lyon, G. 
A. Kelley, Otto Falkenhainer, 
W. P. Dennis, C. J. Haintzman. 


.. A. L. Byfield, Harry Himelblau.. 
.c. S. Bigelow, G. M. Janes, J. G. 
Gregory 


_A. G. Dixon, O. EL. Desmond, D. 
Pes WE 2. CGR dsc ccececes 
seeds Be Carrel, BB. BR. Premme...cser 
.Guy Weaver, Gower Chapman, 


a Tere Terr ee 


Mt. Vernon, 


New Britain, 
for 


conditioning unit by 





a peer 
the use of all right angle elbows throughout the system and 
a volume control device which also provides uniform dis- 
tribution of air over a grille surface by Tuttle & Bailey, Inc., 
Conn....New 
tional flow air conditioning registers by United States Regis- 
ter Co., Battle Creek, Mich....Oil burning water heater by 
Viking Mfg. Co., Akron, O....Oil burning furnace and air 
Waterman-Waterbury Co., 
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Round type boiler with round ja: ket 
for residence heating with coal, 
equipped with hot water heating 
coil; round type boiler with square 
jacket for residence heating with 
oil, equipped with hot water hzat. 
ing coil; square type boiler with 
jacket for residence heating with 
oil, equipped with hot water heat. 
ing coil; boiler for heating larger 
buildings with coal. 

Gun-type burners; automatic water 
heaters; side-arm water heaters: 
range burners; boiler-burner units 

Isolation materials 

Tin double and single wall stack and 
fittings; tin round pipe, angles, el. 
bows, register pans; galvanized 
round pipe, angles, elbows, 
ter pans, cold air boots and other 
fittings; galvanized adjustable fur- 
nace caps; galvanized forced air 
trunk line ducts and fittings; gal- 
vanized forced air stack and fit- 
tings; registers and grilles 

New package unit blower; new blower 
assembly; blower wheels and hous- 
ings 

Oil-burning air conditioning furnace 

Automatic humidifiers for warm air 
furnaces; automatic humidifiers for 


regis- 


steam radiators; water-feed valves 
for humidifier pans on hot water 
radiator; boiler feeders; low water 


cut-out; hot water air vents; circu- 
lating pumps; pressure reducing 
valves; pressure relief valves 

Industrial instruments, heating equip- 
ment and system of temperature 
regulation 


Oil burners 
Unit heaters and heating and cooling 


surface 
Boiler water feeders, low water cut- 
offs, humidifier controls, water 


feeder cut-off combinations 


Automatic controls for oil burners, 


stokers, refrigeration and _ indus- 
trial applications 

Domestic warm air heaters, blowers 
and air conditioning appliances, 


burning gas, oil, coal or wood 


Pipe fabrication and welding fittings 

Steam, vapor and vapor-vacuum heat- 
ing specialties; bronze valves— 
gates, globes, checks, etc.: valves 
and fittings for oil burner installa- 
tion 


Automatic controls for heating, venti- 
lating and air conditioning 

Unit heaters, copper radiation 

Nozzles, valves, strainers, air stabil- 


izers 
Pressure burners; oil burning furnace 
for steam or hot water heating; 
weather control units 
Copper pipe and fittings 
Oil-fired air conditioning 
gas-fired boiler; gas-fired 


furnace; 
furnace; 


gas-fired cabinet type unit; cast 
iron coal furnace; steel coal! fur- 
nace; air conditioning unit; fan- 
filter unit 

Convector; gas boiler; boiler-burner 
unit 

device for use in ducts to permit 


line of diffusional and direc- 


Minne- 
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NAME OF EXHIBITOR 


Nationa! Regulator Co., Chicago, HlL......... 
National Sheet Metal Contractor, Chicago, U1.. 
Nations! Tube Co., PRG, Bisa csc cccvens 
Nelson Corp., Herman, Wietime, BP... 2.0 i 


Nesbitt, Inc., John J., & Buckeye Blower Co., 
Philadelphia, Pa. ........-6 6. cece eee eeees 


Norge Corp. Detroit, ite Ak ket nek Oe 
oil Burner Builders, Rock Island, Il......... 
oil Heat, New SS ae 
Owens-Illinois Glass Co., ae 
peerless Electric Grn WEG, Dow ccccscccnes 


Heating -Piping - 
aiAir Conditioning 4 


BootH No. REPRESENTATIVES IN ATTENDANCE PRODUCTS ON EXHIBITION 
IL whe kd baie on ated a eae Syd hae ate Temperature controls 
Vit. cies 8 Aha a6 Sadek e.ce bees ene des eeu Publication 
Dt Lith cnc wed Sein wean shoe ehe cba ee keno Pipe 
SEE Kc Vas pcbeteddeuedavabeedeneidenctauae Unit heaters, unit ventilators and air 
conditioners 
404....H. Berkley Hedges, D. C. Wiley.. Copper heating surface with steam 
distributing tubes; unit heaters: 
unit ventilators 
I ae a hears Sides Ria ae de em gta ee ie ee Refrigeration equipment 
Un 6466te ea wee ech koe eee eate dake s kA eRe Oil burners 
ek a ial ce he Wek wk i a ak i ee Publication 
De cast eben cnctacbnd esusesenesacneewss Air filters 
244. .W. S. Kingsbury, H. C. Hohmann, Direct-drive blowers; belt-drive blow- 
Cee er NR a cavaewenseuess ers; exhaust fans; special motors 


for air conditioners; power motors 
—single phase and polyphase 





Penn Electric Switch Co., Des Moines, Ia..... 218-220....Albert Penn, M. E. Henning, Nel- Automatic controls for warm air, hot 
son B. Delavan, Robert H. water, steam, vapor and vacuum 
Luscombe, Burton E. Shaw.... heating, refrigeration and air con- 
ditioning 
peoples Oi! Burner Co., Chicago, Ill.......... eae suinia J. S. Peoples, W. C. MeNitt, L. E. Oil burners and conversion burners 
McGiffin, W. R. Van Horne, R. for water heaters 
Norbrock, G. Onnen, J. Sen- 
ED x wen deusendonenesekiteeas 
Perfex Controls Co., Milwaukee, Wis......... 541 .A. G. Butler, J. K. Luthe, F. D. Automatic controls for heating, venti- 
Hansen, H. E. Lindemann, L. L. lating, air conditioning and re- 
Cunningham, V. R. Tate....... frigeration 
Perfex Radiator Co., Milwaukee, Wis......... 541 .l.. A. Burch, J. K. Luthe, F. D. Unit heaters 
Hansen, H. E. Lindemann, L. L. 
Cunningham V. R Tate....... 
Petroleum Heat and Power Co., Stamford, 629-631....J. H. O’Brien, C. E. Shields, H. W. Automatic domestic oil burner equip- 
ie ciactct +e pare ndehes cece eeneeeewe eee Dexter, A. E. Hess, L. E. Hodge, ment, industrial oil burner equip- 
ee a SE vr ehe basses ceakanen ment: beiler-burner units; air con- 
ditioning units 
Petrometer Corp., Long Island City, N. Y..... Be aibsecdenhos600 460s 60 0n6 6469.6 Weed Gages 
Plibrico Jointless Firebrick Co., Chicago, Ill.. Ce scacdassacbaad veeeehseenseweesehenes Firebrick and refractory products 
Plumbing & Heating Trade Journal, New 
i Mk encea eas ehedeeeen sees 4086 60 os St atienkeancaeesaeKeunee ne eeae Publication 
Powers Regulator Co., Chicago, Hl........... 317-319....H. C. Mueller...... (etanaekawe Automatic temperature and humidity 
control for heating, cooling, venti- 
lating and air conditioning systems 
Practical Instrument Co., Chicago, Hl......... Ge da ates eaen en ean eh e456 eee eden conde ke Recording thermometers and opera- 
tion recorders of electrical devices 
Radiant Products, Inc., Akron, O............. 713 .H. S. Frasher, J. H. Miller.. ; Automatic oil burning storage hot 
water heater; gun type power 
burner 
Railway Utility Co., Chicago, Ill............. UE ie aie si od el ig aig he Oe Oe Ae ae kl ee 
Randall Graphite Prod. Corp., Chicago, Ill... . 610 .W. P. Thacher, R. H. Whiteley, Self-aligning, self-lubricating pillow 
Cc. E. Lowgren, E. A. Lampe, T. blocks; oil reservoir bushings; 
Soder, H. C. Whiteley, R. L. bronze safety collars, fibre washers 
MPG nc oeecedeeheWvessetans and rubber insulating mountings 
Refrigeration & Air Conditioning Institute, OO sc cicecda ebkees hwesc ane bien easenekees Correspondence course on air condi- 
Pe css nhs dbeheb en eebevrnseeen de tioning 
Rega Mfg. Co., Rochester, N. Y.............. 621....Clarence H. Ager, Harold D. Spray humidifier; self-cleaning spray 
No cccuscocscvasnedace nozzle; water valve 
Republic Steel Corp., Cleveland, O....... ae Sa kasd a ceceensiadosesraveas Sheets and pipe 
Richardson & Boynton Co., New York, N. Y... DT ieda hi acetee DAC REED C64 OC EERE MR CONE O Furnaces 
Res Ginn, QU PR Dac ccc ccciveoecvcces SEE 6 5646S 6 ORR ED KOS OESEOCOD COED OOS Tile and cast iron conduit for under 
ground lines of single or multiple 
Pipes for high and low pressure 
steam or hot water; water-proof 
asbestos insulation for underground 
steam lines; a pre-fabricated self- 
contained unit steam main 
ee WER Can BR REms Don cc cccccccsccceceses $2....C. H. Ingwer, R. E. McChesney, Pipe wrenches, dies and stocks, pipe 
B.C. Bliss, P. A. Walker...... cutters, tubing cutters, pipe vises, 
pipe and screw extractor 
Rochester Mfg. Co., Inc., Rochester, N. Y..... 613....C. L. Hastings, Wm. O. Lee, R. A. Domestic humidifier for warm air fur- 
ee: BA By Mn s0004ee000008 naces, pressure and level gauges 
Ruberoid Co., New York, N. Y............ wis OE i ctckccdcaneeeavesnctokseetenseauace Insulation 
Russell Electric Co., Chicago, Hll............. 407....T. C. Russell, E. W. Ballentine, Blowers, integral motor-compressor 
gd. D. Raida,. R. T. Bers, FP. ¥. % ton unit, motors, unit heaters, 
Geiger, W. H. Knoepfie, P. S. floor and suspended types, attic and 
Pees EB We See caccccceces window fans for summer cooling, 
automatic controls, furnace blower- 
filter units, winter air conditioning 
units and new dehumidifying liquid 
Sangamo Electric Co., Springfield, Ill......... en a ee Time switches 
Savee Ce., Ime., Mew Worle NM. Woe ccs ccccccce 144....G. B. Burke, E. M. Mittendorff, Specialties for vapor and vacuum 
Vincent McCaffrey, Alvin steam heating systems, including 
Smith, E. J. Ritchie, Clement radiator traps, inlet valves, drip 
WOE cute ne he chebeneteneseb ae traps, air eliminators, boiler return 
traps, temperature regulators, etc. 
apolis, Minn....Air conditioning unit for use with boiler ....An indoor cooling tower developed to minimize water 
and radiator heating by Weil-McLain Co., Chicago, IIll.... consumption on small air conditioning systems and a re- 
New close coupled pump by Weil Pump Co., Chicago, IIl.... designed air conditioning unit by York Ice Machinery Corp., 
Instantaneous thermostats for unit heaters and coolers, a York, Pa. 
dual type thermostat and a new weather control for heating In operation or special showing....An illuminated cabi- 
systems by Wilbin Instrument Co., New York, N. Y.... net with magnetic valves arranged for operation shows off 
Small, low priced belt driven and direct connected cen- the thermo valves of Alco Valve Co., St. Louis, Mo....A 
triiugal pumps and new line of deep well turbine pumps by special hook-up demonstrates how heat and year ’round sup- 


Worthington Pump & Machinery Corp., Harrison, N. J. ply of domestic hot water can be supplied from one fire at 










NAME OF EXHIBITOR 






























































Mueller Brass Co., Port Huron, Mich....... 


Surface Combustion Corp., Toledo, O...... 


Syncro-Flame Burner Corp., Hartford, Conn.. 728 


the booth of American Radiator Co....Sheet me 
ing Mill Co., demonstrating fabrication details.... 


will be in operation and will be “alternated” by co 


300TH No 


Scully Steel Products Co., Chicago, Hl........ 52-53 
Sheet Metal Worker, New York, N. Y......... 737 
Silent Glow Oil Burner Corp., Hartford, Conn.. 105 
Silvercote Products, Inc., Chicago, Hl......... 632 
es iis in 2. oo ence a meeS seasick ebecese 706 
Spencer Thermostat Co., Attleboro, Mass..... 730 
Standard Galwanizing Co., Chicago, Ill....... 824 
Standard Lime & Stone Co., Baltimore, Md... ea3.... 
Stannard Power Equipment Co., Chicago, Il.. 617 
Steel & Tubes, Inc., Cleveland, 0.............- 217 
Sterling Engineering Co., Milwaukee, Wis... . 5387 
Stevens-Root Co., Chicago, Ml..............+-- 1) 
Streamline Pipe & Fittings Co., Division of 268.. .<% 


Sturtevant Co., B. F., Boston, Maass........... 327 
Sundstrand Machine Tool Co., Rockford, Il... 744... 
Sundstrand Sales Co., Rockford, Tll........ 73 


Taco Heaters, Inc., New York, N. Y......... a 


‘tal duct 
work will form a frame around the booth of American Roll- 


plex vacuum heating pump of American Steam Pump Co. 


W. P. Whittington, Inc....A five room house is piped with 
Neor. tubing and glass bowl radiators to show controlled 
distribution through a water column with air valves of Ander- 
son Mfg. Co....A glass model of the Armstrong trap oper- 
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REPRESENTATIVES IN ATTENDANCE 


mm F. 


‘eee J. M. Stannard, Geo. W. Clucas, 
Jas. J. Hayes, A. O. May, Harry 
P. Barton, Harold Swanson.... 


.H. R. Coleman, C. G. Newton.... 


J. R. Wightman, W. A. Blessed, 
Ray Comb, C. E. Berry........ 
.F. Herlan, F. J. Hamilton, D. J. 
Julius, C. A. Pavey, A. C. Bart- 
Ses ae ae i EE Sone secencee 
.Chas. H. Rystrom, Howard Ek- 
strom 


236.C. B. Phillips, Eugene A. Weaver, 
W. B. Montague, W. J. Grover, 
R. W. Glenn, W. O. Owen, R. L. 


Cees BBs Bcc cctwcaces 
3....E. A. Teplow, A. S. Gilbert, F. 
Stierhoff, H. E. Williams..... ° 
-Elwood S. White, Joseph R. 
Murphy, Robert L. Blanding, 


James B. Wallace, William B. 


EE -n.6cGiedeseu nha econ eeeene 
Tennessee Coal, Iron & Railroad Co., Birm- 
eee, BE, cc acesccsetadncucwessecccsesse Re eee ene ee ee a eee RY ee 
Thermal Units Mfg. Co., Chicago, Hl........ 607....S. E. Koplar, E. A. Freudiger, 
W. R. Henderson, J. E. Wat- 
MEE: Tatua cane ei ee a's a eee bas 
Theme @& Can Hs An POR BGs. ccccccceccces 511....Lewis H. Dietz, J. J. Munro, Thos. 
O. Lanphier, J. G. Gregory.... 
Timken Silent Automatic Co., Detroit, Mich... 341-—343-345.M. J. Roberts, T. A. Crawford, 
M. B. Ells, L. W. Essex, P. E. 
Carter, L. J. Lofgren, F. J. 
RS ere eae ee 
Terk Clock Co., Inc., Mount Vernon, N. Y..... 734....C. J. White, Geo. W. Kohler..... 
Trerice Co., H. 0., Detroit, Mich.............. 639....J. L. Brackett, John Berghuis, 
E. N. Shelton, W. T. Bown, H. 
a rere eee 
Turney Corp., Muskegon, Mich.............. ...A. L. Byfield, Harry Himelblau... 
Tuttle & Bailey, Inc., New Britain, Conn..... 412....C. R. Anderson, G. F. Nightin- 
SIE re: hols ligt ene aoe are Ww aca 
Uni-Flo Corp., Rockford, Ill................. Dt chhetedWeeteketekabeewbadee ahankaeee 
United States Radiator Corp., Detroit, Mich... EE ard bs as wa he hake wae ne wwe hea a 
United States Register Co., Battle Creek, 

0 Ee ee er ee ee ee ee ee a ee ee rae 
United States Steel Corp., New York, N. Y.... EE nk es arg ko et ed ee a aa aes eae aa 
Vikime: Maa. Ce., Abkwem, O.....cccccccccccecs 713....H. S. Frasher, J. H. Miller....... 
Viking Pump Co., Cedar Falls, In............ 718....C. D. Sadler, J. G. Wyth, Cc. W 
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PRODUCTS ON EXHIBITION 

Steel products 

Publication 

Oil burners 

Water heaters 

Thermostats 

Air conditioning and 
coils 

tock wool home insulation; pipe coy. 
ering; blankets; blocks, insulating 
cement 

Combined vapor turbine and electric 
vacuum heating pump manufac- 
tured by Nash Engineering Co., So 
Norwalk, Conn. Also representing 
American Steam Pump Co., Battle 
Creek, Mich., and Pomona Pump Co, 
Pomona, Cal. 

Tubes 

Thermostatic float and thermostatic 
return and bellows traps; valves: 
vents; water gauges; temperature 
controls; motorized valves; water 
heating system; mixing valves 


refrigeration 


Circulating pumps; indirect and stor- 
age type heaters; control valves; 
shunt-tees for one-pipe hot water 
heating systems 

Copper pipe and fittings; valves and 
fittings, tank and tankless units 

Fans, unit ventilators 


Fuel unit for oil burners; constant 
displacement pumps; machine tool 
feed pumps 

Fuel oil pumping units 

Conversion burners, unit heaters, fur- 
naces, water heaters 


Oil burners 


Indirect water heaters, circulators, 
reducing and relief valves, control 
fittings, tank and tankless units 


Steel products 

Window air cooling cabinet; floor 
type air cooling unit; humidifier; 
refrigerating unit; unit heater; unit 
cooler 

Flow control hot water heating sys- 
tems and accessories 

Oil burners, oil-burning boilers, air 
conditioning oil-furnaces, oil-burn- 
ing water heaters 


Rekindling controls, time switches, 
hold-fire controls, intermittent con- 
trols for unit heaters 

Industrial instruments for recording, 
indicating and controlling tempera- 
ture; steam traps 

Humidifiers 

Air conditioning grilles and registers, 
air control devices, convection 
heaters 

See Barber-Colman Co. 

Boilers and radiators 


Full line of air conditioning registers 

Tubular products, wire products, 
sheets of all descriptions 

Automatic oil burning storage hot 
water heater; gun type power 
burner 

Fuel oil burner pumps; fuel oil burner 
pumping units, including valves 
and strainers 


5 lb steam pressure shows how the trap handles 
dirt and air as well as condensate in the booth of Armstrong 
Machine Works, Three Rivers, Mich., with another glass 
model of the Armstrong trap incorporating the automati 
air bypass..... \ moving exhibit of steel sheets greets th: 
eye at the booth of Bethlehem Steel Co....Lights and mir 
rors are utilized to show the action of a balanced and un 
the vibration 
Century Electric Co., St. Louis, Mo....At the C. A. Dun- 


effect in the booth « 
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NAME OF EXHIBITOR 


Vilter “fs. Co., Sitierneinee, Wit. « .<.<0« <<< 
Watertilm Boilers, Inc., Jersey City, N. J..... 
Waterloo Register Co., Waterloo, Ia.......... 


Waterma n-Waterbury Co., Minneapolis, Minn.. 


Watts Regulator Co., Lawrence, Mass........ 


Wayne Oil Burner Corp., Fort Wayne, Ind.... 


Webster & Co., Warren, Camden, N. J........ 


Webster Electric Co., Racine, Wis... 


Weil-McLain Co., Chicago, Tll....... 


Well Pump Co., Chicago, Ill................. 


Westinghouse Electric & Mfg. Co., Mans- 

DE <ctesene 6h CORES G40 040RCO 000 ON owe 
White Mfs. Co., St. Paul, Mimm............... 
Whiting Corp., Harvey, Wl... . 2... ccccceceee 


Whittington & Co., W. P., Indianapolis, Ind... 
Wilbin Instrument Corp., New York, N. Y.... 


Williams Oil-O-Matic Heating Corp., Bloom- 
De: ¢ 6 sessed edeebseeGebb een oo ewoeans 
Wilson & Co., Inc., Chiengo, ITll............++-- 


Wood Conversion Co., St. Paul, Minn......... 
Wood Industries, Inc., Gar, Detroit, Mich... .. 


Worthington Pump & Machy. Corp., Harrison, 
Dh b6seawedeeeebees 919 646604600 0% erecre 


York Ice Machinery Corp., York, Pa......... 


York Oil Burner Co., Ine., York, Pa.......... 


Young Radiator Co., Racine, Wis............. 


Youngstown Sheet & Tube Co., Youngs- 
TD ko d4'5 eb kd 08 606 o 0S5 bees beeen aaaawe 
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BooTH No. REPRESENTATIVES IN ATTENDANCE 
DE oa Sina Kae eOCReRbakwetetsaseccee evebes 
eer 
Cie. cccds 4 BOE, 2. G Geers, <a css 


608....H. G. Cross, J. H. Bazille, A. R. 
Schwantes, J. P. White, B. D. 
Watchler, J. Skaaren, W. F. 


We n00e 6s tababaeesvateas : 
118....B. E. Horne, G. B. Horne, J. W. 
Moore, BM. MOPOURT . .cccccccece 
243....C. G. Cleaver, E. H. Berghoff, D. 


J. Winegardner, E. R. Caylor, 
EEE cclivcccus whence 
304....B. F. Lerch, H. F. Marshall, Park 
W. Stickney, R. G. Rosenbach, 


F. W. Wren, M. A. Norman.... 


329-331....S. A. Loeb, A. C. Kleckner, P. G. 
Crewe, E. M. Ford, B. T. 
Wiechers, H. E. Fellows....... 


409-411-413.Martin Weil, Thos. D. Casserly, 
Ben Broom, Chas. Newport, J. 

Z. Young, Ed. Anderson, Otto 

Wurster, Fred France, Wm. 

Miner, Andy Sheehan.......... 

121....N. H. Weil, R. D. Weil, G. W. 
Weil, R. T. Sheridan, F. Irving, 

Be ah, Was ba cceds a cobwatanewees 


CEP -GES GSO SOD tcc ovesrecncwndsecbessecesesce 


706....W. P. Whittington, Gordon B. 
Fisher, Geo. A. Willis, Anthony 


ee a eG ve dia hk is et. eaten 
627....P. J. Burrill, J. K. Ewing, G. A. 
DE ciiawakinesaeesennwen boand 
34....W. J. Brevitt, Earl Nesmith, C. 


U. Williams, W. W. Williams, 
D. M. Frank, W. A. Matheson.. 
535....C. W. Becker, T. W. Harrigan, 
Geo. Watkins, A. G. Stout..... 


416....R. B. Simpson, R. E. Backstrom.. 
516-518....F. H. Dewey, D. J. Luty, Edward 
Wood, F. L. Stevens, S. E. 

ee ie xtanseenpadeddsnaaceee 

606....D. S. Gibson, W. O. Wilson, J. J. 


Thompson, D. E. Tessendorf... 


112-114-116 and 211-213-—216............cccce0e 
538-540....Laurence Knapp, E. I. 
BMobert C. BOMMOM..ccccscseces 


222....F. M. Young, W. H. Schleck, J. J. 
Hilt, M. F. May, Earl W. May, 

Don W. Christensen, Vaughn 

Hardy, Ernst Witzel, Cc. E. 

Pugh, W. F. Bowers, T. A. 
Lundquist, J. H. Carey, George 
Wetherill, F. Swansberg, R. C. 

Malvin, F. Roeder, D. Wall- 

DO Stidenesetekdasatenteaales 
420—422-424.Myron S. Curtis, William H. Tex- 
SOF cccecceseseeesescoesdseseses 





ham Co. exhibit the various units of equipment will talk and, 
‘speaking for themselves,” explain their correlated functions 
in a Dunham differential vacuum heating system....A re- 
frigerating machine in operation will be attached to one of 
the Fox Furnace Co.’s air conditioning furnace units to 
demonstrate cooling....Action of the valves, lubricating sys- 
tem and other parts of the Frick enclosed type “Freon” 
compressor can be seen as the machine 
slowly by a reduction gear motor and cover plates removed. 
...Julien P. Friez & Sons, Inc., has a working exhibit 
f its instruments with which the visitor, by pressing but- 
ms, can humidify, dehumidify, heat and cool a small glass 


is turned over 





chamber....An animated 
ing speeds possible by means of a simple adjustment of 
Hoffman Specialty Co.’s new adjustable orifice vent port on 
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EXHIBITION 

Refrigerating compressors 

Steel boiler for automatic firing 

Air conditioning registers, register 
frames 


PRODUCTS ON 


Oil burning furnace; air conditioning 
equipment 


Boiler water feeders, low water cut- 
offs, hot water house heating regu- 
lators, water and air pressure regu- 
lators and reducing valves, relief 
valves. 

Oil burners; oil burning air condition- 
ing furnace 


Steam heating specialties, including 
thermostatic traps, float and therm- 
ostatic combination traps, radiator 
supply valves, packless, modulating 
and quick-opening; central control 
heating system; radiation 

Ignition transformers, pressure pumps, 
pressure regulating valves, strain- 
ers, two-stage fuel units, single- 
stage fuel units. 

‘oncealed and cabinet type radiators, 
boilers, air conditioning unit 


Horizontal centrifugal pumps, vertical 
sump pumps, sewage ejectors, close- 
coupled centrifugal pumps, cellar 
drainers 

Air conditioning equipment. 


Temperature controls 

Domestic underfeed stoker in opera 
tion under a warm air furnace 

Pump controls. See also Americas 
Steam Pump Co. 


Electric temperature controls; thermo. 
stats; motor valves; weather con- 
trol 

Oil burners, oil-burning water heaters, 
air conditioning units, refrigerating 
units 

Air filters; board form insulation; 
flexible insulation 

Duct insulating covering 

Oilfired furnace-burner units;  oil- 
fired boiler-burner units; oil-fired 
water heaters; conversion oil burn- 
ers; complete air conditioning unit 

Tank-mounted air compressor; cen- 
trifugal pumps; steam pump and 
receiver set; deepwell pump; multi- 
V drives; feedwater heater display 
chart 

Indoor cooling towers, air condition- 
ers, “freon” condensing units 

Domestic oil burners, burner-boiler 
units, horizontal rotary burners, 
forced air furnaces 

Unit heaters, convection heaters, blast 
units, commercial heat transfer 
units, evaporators, heat exchangers, 
air conditioners 


Unions, flat-rolled steel and wrought 
steel pipe 


device shows the variable vent- 


radiator valves....Holcomb & Hoke Mfg. Co.’s stoker is in 
actual operation....A graphic model depicts the operation 
of Ingersoll-Rand’s water vapor refrigerating unit....S. T. 


Johnson Co.’s home heating and domestic hot water supply 
unit is in full operation....In Jones & Laughlin Steel Corp.’s 
booth is a 15 ft operating model of a blooming mill. ...Ac- 
tive working demonstrations of its humidifiers, water feed- 
ers, low water cut-outs and circulating pumps can be seen 
at the booth of Maid-O-Mist, Inc....Visitors can operate 
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the Jas. P. Marsh Corp.’s system of temperature regulation 
in a model of a miniature building and heating plant, dem- 
onstrating the manner in which the control operates with 
varying outside weather conditions... ./ A miniature restau- 
rant enclosed in glass, attractively lighted, heated, venti- 
lated and completely air conditioned is the main theme of 
Minneapolis-Honeywell Regulator Co.’s exhibit with its 
standard automatic controls regulating the temperature, hu- 
midity, etc., which can be changed at will by the spectator. 
....The new copper heating surface of John J. Nesbitt, Inc., 
is shown under actual operating conditions....The circula- 
tion of water through a one pipe main in which shunt tees 
are installed to demonstrate circulation from main to radia- 


January, 193: 


tor can be seen in the booth of Stevens-Root Co....Th 
Sundstrand Machine Tool Co.’s fuel unit with single-stag 
pump is in operation with the pump being automaticall 
started and stopped....The display unit of H. A. Thrush & 
Co. demonstrates the operating characteristics of its flov 
control system....Viking Pump Co. is showing its fu 
pumping units in operation....Motion displays of Wilson 
& Co.’s air filters are employed....Worthington Pump & 
Machinery Corp. lays special emphasis in its exhibit on ac 
tual operating units..../ A complete working model, built 
on a scale of %-in. to the foot, of Youngstown Sheet & 
Tube Co.’s new 79-inch hot continuous sheet mill dominates 
this company’s booth, 


Buckingham Fountain and Michigan Avenue, Chicago 








































Heating -Piping 
aAir Conditioning 


American Society of Heating 
and Ventilating Engineers ~ 


JOURNAL_ SECTION 





} f 















JANUARY 1936 
Table of Contents 
Thermal Properties of Concrete Construction, by F. B. 42nd Annual Meeting in Chicago.......... ee rer ay 79 
Rowley, A. B. Algren and Clifford Carlson............. 53 President’s Message to Members............... sayy ae 
Ventilation Requirements, by C. P. Yaglou, E. C. Riley and Ne EE Se eee a 
eM, op. cewi ad ntabes 0686s shesne ua svecadtbeensue 65 CE GN SUING So ihc ddecwcadgccecccésvacscocee OO 
I 2 ne a aad ee eh ea ee eanie 77 Se ne uagbaaeel ots as 
The material in this Section is prepared by the Publication Committee of the Society 
and nothing that appears in it may be reprinted, either wholly or in part, without per- 
mission. The use of the Society’s name for advertising promotions is never authorized. 
OFFICERS AND COUNCIL 1935 
AMERICAN SOCIETY OF HEATING AND VENTILATING ENGINEERS 
51 Madison Ave., New York, N. Y. 
POEs os ich iaacddaechecdaenucess Joun Howatt 
Nn OT ere G. L. Larson REET EET CT OP eT A. J. OFFNER 
Second Vice-President................. D. S. BoypENn i, ry 
CouNcIL CooPERATING COMMITTEES 


G. L. Larson 
Vice-Chairman 


Joun Howatt 
Chairman 


One Year 
R. H. CarPENTER J. D. Casseir C. V. Haynes 
F, C. McIntosu L. W. Moon 
Two Years 
M. C. BEMAN E. H. Gurney O. W. Ort 


W. A. Russet 


Three Years 


F. E. GresecKe 
W. E. Stark 


ALBERT BUENGER J. F. McIntire 


COMMITTEES OF THE COUNCIL 
Executive: C. V. Haynes, Chairman 


L. W. Moon M. C. BEMAN 
Finance: E. H. Gurney, Chairman 
D. S. BoypEen 

F. E. Gresecke 


J. F. McIntire 
Meetings: ALBERT BUENGER, Chairman 
O. W. Ort 
: Membership: F. C. McIntosn, Chairman 
W. A. Russexy J. D. Casseut. 


Apvisory CouNCIL 


C. V. Haynes, Chairman; W. H. Carrier, Homer Addams, R. P. 
Bolton, S. E. Dibble, W. H. Driscoll, H. P. Gant, John F. Hale, 
L. A. Harding, H. M. Hart, E. Vernon Hill, J.D. Hoffman, 
W. T. Jones, D. D. Kimball, S. R. Lewis, Thornton Lewis, 
J. I. Lyle, J. R. McColl, D. M. Quay, C. L. Riley, F. B. Rowley, 
F. R. Still and A. C. Willard. 





A. S. H. V. E. Representative on National Research Council; 
Prof. F. E. Giesecke (2 years). 


SPECIAL COMMITTEES 


Committee on Admission and Advancement: J. G. Eadie, Chair- 
man (one year); E. N. Sanbern (two years), and E. J. 
Ritchie (three years). 


Publication Committee: W. M. Sawdon, Chairman (one year) ; 
M. C. Beman (two years) and A. I. Brown (three years). 


Committee on Constitution and By-Laws: W. T. Jones, Chair- 
man; R. H. Carpenter and J. F. Hale. 


Guide Publication Committee: G. L. Larson, Chairman; S. H. 
Downs, E. A. Jones, W. L. Fleisher, E. N. McDon- 
nell, W. W. Timmis and J. H. Walker. 


Committee on Ventilation Standards: W. H. Driscoll, Chairman; 
J. J. Aeberly, W. H. Carrier, Thomas Chester, L. A. 
Harding, H. M. Hart, E. V. Hill, J. R. McColl, W. A. 
Rowe, Perry West, A. C. Willard and C.-E. A. Winslow. 


Committee on Standardization of Codes: S. R. Lewis, Chair- 
man; P. D. Close and L. A. Harding. 


F. Paul Anderson Medal Award Committee: G. L. Larson, 
Chairman; H. P. Gant, L. A. Harding, S. R. Lewis and 
W. E. Stark. 


Exposition Advisory Committee: John WHowatt, Chairman: 
1: M. Frank, F. H. Gaylord, R. E. Hattis, A. B. Martin, 
. M. Mittendorf, and J. R. Vernon. 





January, 1936 


COMMITTEE ON RESEARCH 


A. P. Kratz, Chairman 
Dr. A. C. WILLARD, Technical Adviser 
O. P. Hoop, Ex-Officio Member 


J. H. Wacker, Vice-Chairman 


F. C. Houcuten, Director 


One Year 


ALBERT BUENGER 
H. R. Linn 
Two Years 
E. K. CAMPBELL 
J. H. WALKER 


S. H. Downs 


Joun Howatr C. A. DUNHAM 


H. N. KitcHe.yi 
Perry West 

Three Years 
W. L. FLeIsHer Ex.tiotr HarrINGTON 


A. P. Kratz H. C. MurPuy 





Executive Committee 


A. P. Kratz, Chairman 


ALBERT BUENGER J. H. WALKER 


Finance Committee 


W. L. FreisHer, Chairman 


Extiorr HARRINGTON 
L. B. Miter 


E. C. Evans A. J. Nessit1 





TECHNICAL ApvisorY COMMITTEES - 1935 


Air Conditions and Their Relation to Living Comfort: C. P. 
Yaglou, Chairman; J. J. Aeberly, W. L. Fleisher, R. R. 
Sayers and C.-E. A. Winslow. 

Air Conditioning in the Treatment of Diseases: E. V. Hill, Chair- 
man; N. D, Adams, J. J. Aeberly, Margaret Ingels, H. R. 
Linn and E. L. Stammer. 

Atmospheric Dust and Air Cleaning Devices (Including Dust 
and Smoke): H. C. Murphy Chairman; J. J. Bloomfield, 
M. I. Dorfan, Philip Drinker, Leonard Greenburg, S. R. 
Lewis, F. B. Rowley, D. C. Simpson and W. O. Vedder. 

Corrosion: J. H. Walker, Chairman; E. L. Chappell, W. H. 
Driscoll, C. A. Dunham, L. B. Miller, R. R. Seeber and 
C. M. Sterne. 

Direct and Indirect Radiation with Gravity Air Circulation: 
H. F. Hutzel, Chairman; M. K. Fahnestock, H. R. Linn, 
J. P. Magos, J. W. McElgin, J. F. McIntire, T. A. 
Novotney and R. N. Trane. 

Gas Heating Resitaent: W. E. Stark, Chairman; R. M. Con- 
ner, C. A. Dunham, Robert Harper, E. A. Jones, Thomson 
King, J. F. McIntire, E. L. Tornquist and H. L. Whitelaw. 

Heat Requirements of Buildings: D. S. Boyden, Chairman; P. D. 
Close, W. H. Driscoll, H. M. Hart, P. E. Holcombe, V. 
W. Hunter, G. L. Larson, H. H. Mather, E. C. Rack, F. 
B. Rowley, R. J. J. Tennant and J. H. Walker. 

Heat Transfer of Finned Tubes with Forced Air Circulation: 
F. B. Rowley, Chairman; S. H. Downs, H. F. Hutzel, E. 
J. Lindseth, R. H. Norris, W. E. Stark and G. L. Tuve. 


Minimum Temperature and Method of Introduction of Cooling 
Air in Classrooms: Perry West, Chairman; J. D. Cassell, 
S. R. Lewis, J. R. McColl, A. J. Nesbitt, G. E. Otis and 
C.-E. A. Winslow. 

Refrigeration in Relation to Air Treatment: M. K. Fahnestock, 

hairman; E. A. Brandt, John Everetts, Jr., Elliott Har- 
rington, E. D. Milener, K. W. Miller, E. B. Newill, F. G. 
Sedgwick and J. H. Walker. 

Sound in Relation to Heating and Ventilation: V. O. Knudsen, 
Chairman; C. M. Ashley, C. A. Booth, F. C. McIntosh, R. 
F. Norris, J. S. Parkinson, C. H. Randolph, J. P. Reis and 
G. T. Stanton. 

Ventilation of Garages and Bus Terminals: E. K. Campbell, 
Chairman; S. H. Downs, T. M. Dugan, E. C. Evans, 
F. H. Hecht, H. L. Moore and A. H. Sluss. 

Effect of Entering Temperature and Velocity on the Temperature 
and Distribution of Air Within an Enclosure: C. H. Ran- 
dolph, Chairman; E. H. Baars, J. S. Jung, F. A. Kartak, 
J. E. Schoen, Ernest Szekely and J. H. Volk. 

Comfort Standards for Summer Cooling: W. L. Fleisher, Chair- 
man; A. E. Beals, E. R. Bichowsky, Elliott Harrington, 
E. V. Hill and C. P. Yaglou. 

Frictional Resistance to Flow of Air in Small Ducts and Fit- 
tings: J. H. Van Alsburg, Chairman; C. A. Booth, S. H. 
Downs, L. B. Miller and L. E. Smith. 

Corrosion in ‘Air Conditioning Equipment: A. E. Stacey, Chair- 
man; M. S. Kice, F. N. Speller, C. M. Sterne, R. T. 
Thornton and J. H. Walker. 





OFFICERS OF LOCAL CHAPTERS, 1935-6 


CLEVELAND 
Headquarters, Cleveland 
Meets: Second Thursday in Month 
President, G. L. Tuve 
Case School of Applied Science 
Secretary, Pumirp CoHEN 
407 E. Ohio Gas Bldg. 
CINCINNATI 
Headquarters, Cincinnati, O. 
Meets: Second Tuesday in Month 
President, G. B. Houttston 
704 Race St. 


Secretary, I. B. Hetspurn 
610 Chamber of Commerce Bidg. 


ILLINOIS 
Headquarters, Chicago 
Meets: Second Monday in Month 
President, J. H. MILLIKEN 
20 N. Wacker Dr. 


Secretary, L. S. Ries 
960 East 58th St. 


KANSAS CITY 
Headquarters, Kansas City, Mo. 
Meets: Second Monday in Month 
President, C. A. WEtss 
1811 Troost Ave. 
Secretary, G. L. Butss 
1410 Waldheim Bldg. 
MANITOBA 
Headquarters, Winnipeg, Man. 
Meets: Fourth Thursday in Month 
President, J. B. STEELE 
184 Waterloo St. 
Secretary, C. H. TurLtanp 
325 Centennial St. 
MASSACHUSETTS 
Headquarters, Boston 
Meets: Second Monday in Month 
President, W. A. MCPHERSON 


86 Dwinnell St. 
West Roxbury, Mass. 


Secretary, G. B. GreRRIsH 
1 Overlook Rd., Melrose, Mass. 
MINNESOTA 
Headquarters, Minneapolis 
Meets: Second Monday in Month 
President, C. E. GAUSMAN 
2360 Chilcombe, St. Paul, Minn. 
Secretary, R. E. Backstrom 


648 So. Snelling Ave., St. Paul, Minn. 


MICHIGAN 
Headquarters, Detroit 
Meets: First Monday after the 

roth of the Month 

President, A. C. Watttcu 
1667 Burlingame Ave. 

Secretary, W. F. ARNoLby 

2847 Grand River Ave. 


WESTERN MICHIGAN 
Headquarters, Grand Rapids 
Meets: Second Monday in Month 
President, P. O. WrerENGA, 
49 Coldbrook St., N. E. 
Secretary, J. J. Troske, 
286 Winter Ave., N. W. 


NEW YORK 
Headquarters, New York 
Meets: Third Monday in Month 

President, W. W. Trmmis 

40 West 40th St. 
Secretary, T. W. Reynowps 

100 Pinecrest Drive, 

Hastings-on-Hudson, N. Y. 


WESTERN NEW YORK 
Headquarters, Buffalo 
Meets: Second Monday in Month 
President, W. E. Votstnet 
250 Delaware Ave. 
Secretary, J. J. LANDERS 
803 Crosby Bldg. 


OKLAHOMA CITY 
Headquarters, Oklahoma City, Okla. 
President, F. X. LOEFFLER 
710 N. Hudson St. 
Secretary, H. J. LEvERANCE 
1838 N. W. llth St. 


ONTARIO 
Headquarters, Toronto, Ont. 
Meets: First Monday Every Other 

Month 

President, M. W. SHEARS 
39 Sylvan Ave. 

Secretary, H. R. Rorn 
57 Bloor St. W. 


PACIFIC NORTHWEST 
Headquarters, Seattle, Wash. 
Meets: Seemed Tuesday in Month 
President, LINCOLN BouILLon 
4186 42nd Ave., N. E. 
Secretary, D. C. GriFrIn 
Orpheum Bldg. 
PHILADELPHIA 
Headquarters, Philadelphia 
Meets: Second Thursday in Month 
President, J. H. Hucker 
1700 Walnut St. 
Secretary, H. H. Erickson 
804 Architects Bldg. 
PITTSBURGH 
Headquarters, Pittsburgh 
Meets: Second Monday in Month 
President, R. J. J. TENNANT 
3650 Shaw Blvd. 


Secretary, T. F. RockweEti 
arnegie Inst. Tech. 


ST. LOUIS 
Headquarters, St. Louis 
Meets: First Wednesday in Month 
President, C. R. Davis 
2328 Locust St. 
Secretary, R. J. TENKONOHY 
1474 S. Vandeventer Ave. 
SOUTHERN CALIFORNIA 
Headquarters, Los Angeles 
Meets: Second Tuesday in Month 
President, Lto HUNGERFORD 
524 Loew’s State Bldg. 
Secretary, H. M. HENDRICKSON 
5051 Santa Fe Ave. 
WASHINGTON, D. C. 
Headquarters, Washington, D. C. 
Meets: Second Wednesday in Month 
President, W. A. DANIELSON 
3812 Fulton St.,.N. W. 
Secretary, M. D. Kiczaes 
3000 Connecticut Ave., N. W. 
WISCONSIN 
Headquarters, Milwaukee 
Meets: Third Monday in Month 
President, C. H. RANDOLPH 
19235 N. Prospect Ave. 
Secretary, R. G. Kocu 
626 E. Wisconsin Ave. 








Thermal Properties of Concrete 
Construction 


By F. B. Rowley,* A. B. Algren,** (MEMBERS) and Clifford Carlson; (NON-MEMBER) 


Minneapolis, Minn. 


This paper is a report of cooperative research sponsored by the AMERICAN SociETY OF HEATING 
AND VENTILATING ENGINEERS, in cooperation with the Portland Cement Association, and the 
University of Minnesota, and conducted in the Engineering Experiment Station, University of 


Minnesota. 


HERE is no doubt about the necessity of building 

high thermal resistance into the outside walls of 

many of our buildings. It would be a comparatively 
simple job to get high thermal resistance if this were the 
only quality required, but most buildings have other Te- 
quirements which make it necessary to select materials 
and types of construction which have economic struc- 
tural properties as well as high resistance. It is usually 
true that materials with high structural strength have 
low heat resistance, making it necessary to give special 
consideration to the methods of using them, and perhaps 
to add special insulation where thermal resistance is an 
important factor. Concrete is such a material. It has 
excellent structural properties, but when the ordinary 
aggregates are used to build monolithic walls without 
some consideration as to insulating values, a prohibitive 
thermal conductivity may result. 

The thermal properties of concrete walls may be im- 
proved by such methods as changing the nature of the 
aggregate, constructing the wall with different types of 
air spaces, applying a special surface finish or adding 
some insulating material to the wall. The purpose of 
this investigation was to study the different types of 
masonry and monolithic concrete construction and to 
find what practical method might be employed to increase 
thermal resistance. The investigation has thus far in- 
cluded monolithic and masonry walls, different aggre- 
gates, different surface finishes, various types of air space 
construction and the application of specific insulating ma- 
terials. Obviously there are many combinations which 
might be considered, but in the interest of economy the 
number of walls actually built and tested was limited to 
representative types. 

Aggregates. In general low density aggregates will 
result in lower thermal conductivity than will high dens- 
ity aggregates. This, however, is not always the case as 
low density may be accompanied by an excessive porosity 
which will allow the heat to be transferred through the 
wall by air circulation. Such a condition may be taken 
care of in part by the application of some impervious 
surface finish. This will exclude the surface air, but in 
extreme cases there may also be circulation of air within 
the wall itself. In this investigation sand and crushed 
limestone, sand and gravel, cinders and Haydite were 
used as aggregates. These were graded as indicated by 
the description of the individual walls. 

*Director of Experimental Engineering Laboratories, University of 


Mir nesota. 
**Assistant Professor of Mechanical Engineering, University of Minne- 


Sota 
TResearch Engr., University of Minnesota. 
r presentation at the 42nd Annual Meeting of the AMERICAN SocIETY 
OF licaTING AND VENTILATING ENGINEERS, Chicago, Ill., January, 1936. 





Air Space Construction Used. There are two types of 
air spaces which may be built into a wall. First, the con- 
tinuous air space as may be provided between two 
parallel walls; and second, irregular cored out sections 
as are usually provided in concrete block construction. 
In the first case all heat conducted from surface to sur- 
face must pass directly across the air space, and, if there 
are no connecting rods which serve as conductors, the 
efficiency of the air space could be very definitely deter- 
mined from the known properties of such spaces. In 
the second case only a part of the heat must pass through 
the air spaces, the remainder passing through the solid 
material between the spaces. If the material proper has 
a high thermal conductivity and if the partitions between 
the cored out spaces are direct between the two surfaces 
and constitute a considerable percentage of the wall area, 
the effectiveness of the air space as an insulator may be 
very materially reduced. It is difficult to make calcula- 
tions to determine the thermal conductivity of walls con- 
taining irregular air spaces, even though the properties 
of the material are fairly well established. An efficient 
air space construction must either provide a continuous 
space over the full wall area or, if there are paths of solid 
material between the two surfaces, they should be de- 
signed as long and restricted in area as possible. In this 
investigation parallel or continuous air spaces were pro- 
vided by constructing walls of parallel monolithic and 
masonry slabs and by furring out the surface for specific 
insulating finish. The cored air spaces were those com- 
monly used in standard concrete block construction. 

Surface Finish, The effect of surface finish on a wall 
may be to reduce the normal air filtration into and out 
of the wall and thus improve the internal conductivity by 
eliminating convection currents, or to change the char- 
acter of the surface and thereby change the surface co- 
efficient of conductance. If the surface finish should be 
of material thickness and of an insulating value in itself, 
it would add to the thermal resistance of the wall. The 
surface finishes used in this investigation were for the 
purpose of reducing any interchange of air through the 
boundary surfaces rather than for improving the surface 
conductance. 

Insulation. There are several methods by which 
thermal resistance may be built into a wall. As discussed 
previously, air space construction may be used for this 
purpose or specific insulating materials may be applied 
to the walls either in air spaces or on the surface. The 
effectiveness of any application will depend upon the 
amount of heat which must normally flow through the 
insulation. Thus, if insulating material is placed over 
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the surface of the wall in a layer of uniform thickness, all 
heat must presumably pass through the material and it 
may be considered as an effective application. If the 
insuiating material is placed in such manner as not to 
obstruct all paths for the flow of heat its effectiveness 
may be reduced. In this investigation insulating ma- 
terials have been used in the cells or cores of the con- 
crete blocks and also as a uniform sheet parallel to the 
surfaces of the walls. 


Method of Procedure 


In all cases the aggregate was selected and graded as 
per specifications. In each case a sieve analysis was 
made and the different aggregates were mixed in the 
required proportion to give the proper fineness modulus. 
Preliminary tests were made to determine the proper 
water to cement ratio to give the required slump and 
strength characteristics. The blocks for the masonry 
walls were constructed in a standard block machine at 
the Crown Sidewalk and Block Co.’s plant, Minneapolis, 
Minn. These were steam cured for 24 hours and then 
exposed to the air for the remainder of the curing period. 
After being thoroughly cured and dried out they were 
built into test walls 544 ft square with standard % in. 
mortar joints between the blocks. In constructing the 
walls the mortar was buttered on the edges but not on 
the cross partitions between the air cells, thus following 
recommended and standard construction practice for 
walls of this type. After a, sufficient curing period to 
thoroughly dry out the mortar between the joints the 
walls were tested by the standard hot box method. 

For the monolithic walls the aggregates were selected 
and graded in the same manner as for the concrete blocks 
and the walls were constructed in the laboratory accord- 
ing to specifications. At the time of building the walls 
6 in. x 12 in. cylinders were cast which were later tested 
to give the strength of the concrete. After the walls were 
thoroughly cured and dried out they were tested by the 
standard hot box method to determine their thermal con- 
ductivity. 


Description of Walls Tested 


The complete physical data covering walls tested are 
shown in Tables 1 and 2 for masonry and monolithic 
walls, respectively. The cinders used in this construc- 
tion were obtained from the Northern States Power 
Riverside Plant, Minneapolis, Minn. 

The construction data for the walls are shown in Tables 
3 and 4, for the masonry and monolithic walls, respec- 
tively. Figs. 1, 2 and 3 show the detailed dimensions of 
the different blocks used. The mortar used in building 
the masonry walls consisted of one part cement to three 
parts plaster sand, and to this mixture was added 10 per 
cent lime. 

Walls No. 8a and 8b were built up of two 4-in. cinder 
tile walls with tie rods and separated by a 1-in. air 
space. The tie rods were made of 28-gage galvanized 
iron about 34 in. wide and of sufficient length so that 
they extended approximately 3 in. in each wall and across 
the air space. They were placed on top of each course 
of tile 12 in. on center horizontally and grouted in place 
with mortar. 

Walls No. 35a, 35b, and 35c were made of two 4-in. 
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sand and gravel dry tamp monolithic walls spaced 2% in. 
The tie rods were % in. in 
in each wall. 


apart by means of tie rods. 
diameter and extended about 3 in. 
were spaced 12 in. dn centers horizontally and 9 in. on 


centers vertically in the test section. 


The complete thermal conductivity data for the walls, 
obtained by the hot box method, are given in Tables 5 


TYPE OF 
WALL | AGGREGATE 
No. In BLocks 
la Cinders 
lb Cinders 
le Cinders 
. : | s* 
ld | Cinders 
| 
| 
le Cinders 
| 
—_— 
lf | Cinders 
| . 
lg | Cinders 
- 
lh | Cinders 
| 
2a | Haydite 
2b | Haydite 
3a | Sand and 
Gravel 
3b Sand and 
Gravel 
da Limestone 
a ~=6|:« Cinders 
] 
| 
6a | Sand and 
Gravel 
| 
| 
| 
7a | Cinders 
. — ‘ 
Sa Cinders 


Test Results 


Heating - Piping 


Conditioning 


Journal 9 Section 


They 


January, 1936 


and 6. These tables also include some of the physical 
characteristics of the walls taken from Tables 1 and 2 in 
order to more easily identify the wall construction when 
referring to the thermal properties. 









In taking test data there was some difficulty in gettin; 
consistent surface temperatures from which to calculat 


surface conductance coefficients. 


This was due to th 


fact that the surfaces of several of the walls were some 


Table 3—Construction Data for Masonry Walls 


what rough, making it impossible to get precision meas 
urements of surface temperatures, and also because man) 











8b | Cinders 











| 
| 
| 
| 
| 
| 
' 
| 
| 
| 







































































| 
| 
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AGGREGATE GRADING BLocks WALLs DATE oO} 
AND MANUFAC- But INstipE SURFACE DATE OF OvutTsipE SURFACE TREAT- 
AVERAGE FINENESS MopuULus TURED DaTE TREATMENT TREAT- TREATMENT MENT 
DaTE MENT 
11-23-34 1-3-35 None None 
11-23-34 1—3-35 None 2 Coats Water Proofed 
White Portland Cement 
Paint 3-13-35 
11-23-34 1-3-85 None 2 Coats Water Proofed 
White Portland Cement 
Average Fineness Modulus=4.11 Paint 3-13-35 
Percent Passing ———_—— | ——_________— EE — - 
4 in.—100.0 No. 16— 32.9 11-23-34 1-3-35 None 2 Coats Water Proofed 
% in — 94.4 No, 30— 21.6 White Portland Cement 
No. 4— 71.7 No. 50— 12.9 Paint 3-13-35 
No. 8— 49.3 No. 100— 6.1 SE PT a cee 
11-23-34 1-3-35 None 2 Coats Water Proofed 
White Portland Cement 
Paint 3-13-35 
| 11-23-34 | 1-3-35 |1¢in. Plasteron Metal Lath} 4-9-35 |2 Coats Water Proofed 
Furred 1 in. White Portland Cement 
Z Paint 3-13-35 
; 11-23-34 | 1-3-35 | in. Plaster applied direct 5-2-35 None 
| 5-4-35 
~23-34 4 3-35 |% in. Insulation Board| 5-9-35 | in. Plaster Applied Di-| 5-2-35 
Furred lin. strips 16 rect 5-4-35 
in. on center 
Average Fineness Modulus=5 .92 | 
Percent Passing 11-23-34 1-3-35 None None 
14 in.—100.0 No. 16— 38.2 St ESS ee Ae seine Se, 
% in.— 93.1 No. 30— 21.9 11-23-34 1-3-35 | None 2 Coats Water Proofed 3-16-35 
No. 4— 68.5 No. 50—- 14.4 White Portland Cement 
No. 8— 61.7 No. 100— 10.0 Paint 
Average Fineness Modulus=3 .91 
Percent Passing 11—14—34 1-3-35 None None 
% in.—100.0 No. 16— 41.1 —— a a. - — 
No. 4— 79.4 No. 30— 22.0 11-14-34 1-3-35 | None 2 Coats Water Proofed 3-9-35 
No, 8— 59.5 No. 50—- 5.7 White Portland Cement 
No. 100— 1.3 Paint 
annie) Fineness Modulus=4 .0 
Percent Passing 
% in —100.0 No. 50— 14.6 11-14-34 1-2-35 None None 
No. 4— 73.7 No. 100— 9.1 
No. 16— 32.3 
Average Fineness Modulus=—4 .05 
Percent Passing | 
lg in.—100.0 No. 16— 36.8 11-6-35 1-—2-35 None None 
% in. — 90.4 No. 50— 18.2 
| No. 4— 65.1 No. 100— 9.5 
prnecites Fineness Modulus =3 .91 1 | 
Percent Passing 
4% in.—100.0 No. 16— 41.1 11-6-35 1-2-35 None None 
No. 4— 79.4 No. 30 22.0 
No. 8— 509.5 No. 50— 5.7 
No. 100— 1.3 
Average Fineness Modulus=4_.11 
Percent Passing 1-24-35 1-4-35 None None 
lg in.—100.0 No. 16— 32.9 es ” = 
% in — 94.4 No. 30— 21.6 11-24-35 1-4-35 None None | 
No. 4— 71.7 No. 50— 12.9 | ——|} ——________} —— ———— - Sa a a SS a — 
No. 8— 49.3 No. 100— 6.1 11-24-35 | 1-4-35 | None Nene 
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Table 4—Construction Data for Monolithic Walls 

































































| 
TYPE OF GRADING OF AGGREGATE Mrx Proportions | NuMBER oF Lirts DATE OF 
WALL AGGREGATE AND BY VOLUME AND REQUIRED FOR | BUILDING 
No. IN WALL AVERAGE FINENESS MopULUS KIND oF Mix PourtnGc Watt Wau 
Average Fineness Modulus=5 .33 
Percent Passing | 
FINE COARSE 
30a | Sand and Limestone} % in—100.0 No. 16— 64.1 1 in.—100.0 3% in.— 37.4 1:24:4 4 12-19-34 
Concrete No. 4— 99.6 No. 30— 36.1 %in— 79.8 No. 4— 3.0 Plastic Mix 
No. 8— 88.8 No. 50— 9.2 \% in— 64.6 No. 8— 0.0 
No. 100— 1.8 | 
Average Fineness Modulus=5 36 
3la | Sand and Coarse Percent Passing 1:214:4 4 | 12-27-34 
Gravel Concrete FINE COARSE Plastic Mix 
¥% in. —100.0 No. 16— 64.1 lin.—100.0 % in.— 41.1 — 
32a | Sand and Coarse No. 4— 99.6 No. 30— 36.1 % in— 84.9 No. 4— 3.2 1:24:4 7 | 1-8-35 
Gravel Concrete No, 8— 88.8 No. 530— 9.2 4 in.— 65.9 No. 8— 0.0 Dry Tamp Mix | 1-9-35 
No. 100— 1.8 
Average Fineness Modulus =5 .37 
Percent Passing 
FINE COARSE 
33a | Cinder Concrete No. 4— 99.9 No. 30— 33.5 lin—100.0 % in.— 35.8 1:2'4:4 1 1-7-35 
No. 8— 73.2 No. 530— 13.7 %{ in.— 82.7 No. 4— 4.5 Plastic Mix 
No. 16— 51.5 No. 100— 3.7 \% in.— 64.7 No. 8— 0.0 
Average Fineness Modulus =5 .00 
Percent Passing 
FINE COARSE 
34a | Haydite Concrete No. 4— 99.9 No. 30— 33.3 % in—100.0 No.4— 5.3 1:2\4:4 | 4 1-11-35 
No. 8&— 94.8 No. 50— 21.5 \% in.— 88.7 No. 8— 0.0 Plastic Mix 
No. 16— 58.2 No. 100— 14.7 % in.— 38.8 
35a | Sand and Gravel Average Fineness Modulus=5 .36 1:2\4:4 7 | 1-18-35 
Concrete Percent Passing Dry Tamp Mix | 1-19-35 
" FINE COARSE 
35b | Sand and Gravel % in.—100.0 No. 16— 64.1 lin—100.0 % in.— 41.1 1:214:4 7 | 1-18-35 
Concrete No. 4— 99.6 No. 30— 36.1 % in— 84.9 No.4— 3.2 Dry Tamp Mix | | 1-19-35 
mae No. 8— 88.8 No. 50— 9.2 % in— 65.9 No. 8— 0.0 -~- ——] | ——-- 
35c | Sand and Gravel No. 100— 1.8 1:244:4 7 1-18-35 
Concrete Dry Tamp Mix | | 1-19-35 
Average Fineness Modulus=5 .21 | 
Percent Passing 
FINE COARSE 
36a % in—100.0 No. 16— 64.1 lin.—100.0 % in— 35.8 1:2\4:4 7 1-14-35 
Sand and Coarse No. 4— 99.6 No. 30— 36.1 % in.— 82.7 No. 4— 45 | Dry Tamp Mix 
Cinder Concrete No. 8— 88.8 No. 50— 9.2 ¥% in.— 64.7 No. 8— 0.0 
No. 100— 1.8 
| : weeae eee ones - 
37a | Sand and Gravel Average Fineness Modulus =5 .36 | 1:24:4 7 1-28-35 
Concrete Percent Passing Plastic Mix 
— FINE COARSE ——— — —_—-| - - 
37b | Sand and Gravel % in —100.0 No. 16— 64.1 % in.—100.0 1:2'4:4 7 | 1-28-35 
Concrete No. 4— 99.6 No. 30— 36.1 ¥% in.— 70.0 Plastic Mix 
— No. 8— 88.8 No. 50— 9.2 % in.— 40.0 —— - 
7c | Sand and Gravel No. 100— 1.8 No. 4— 0.0 1:2\4:4 7 1-28-35 
Concrete Plastic Mix 
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wall. 


of the walls contained irregular cored out spaces which 
gave different heat resistances at different sections of the 


For example, the surface temperatures for a hol- 















































WALL 
No. 


la 
la 


lb 


lh 


3a 
da 


3b 


da 


6a 


8b 





Test 
No. 


36 


11 


8 








DATE 
OF 
TEST 


2-12-35 

3-7-35 
3-12-35 
3-26-35 


o 


3-30-35 


4-4-35 


4-26-35 


28-35 


o 


26-35 


to 


nw 
— 
oO 
~ 


Ee 


3-3-35 


3-19-35 


2-27-35 


DESCRIPTION 
oF 
WALL 


Sin. x Sin. x 16 in. 
3-Oval Core 
Cinder Block 





8 in. x 8 in. x 16 in. 
3-Oval Core 
Haydite Block 


Sin. x 8 in. x 16 in. 
3-Oval Core Sand 
and Gravel Block 


8 in, x 8 in. x 16 in. 
3-Oval Core Lime- 
stone Block 
Sin, x 12 in. x 16 in. 
3-Oval Core Cin- 
der Block 
8 in. x 12 in. x 16 in. 
3-Oval Core Sand 
and Gravel Block 
4in. x 8 in. x 16 in. 
3-Core Cinder 
Partition Tile 
Double 4 in. x 8 in. 
x 16 in. Cinder 
Partition Tile 
Spaced 1 in. 
Apart 
Double 4 in. x 8 in. 
x 16 in. Cinder 
Tile Partition 
spaced lin. Apart 








INSIDE 
SURFACE 
FInisHu 


As laid 
As laid 
As laid 
As laid 


As laid 


As laid 


As laid 





4 in. Plaster on 
metal lath 

| furred 1 in. 

| 4 in, plaster 
applied direct} 
| 44 in. insulation} 
board Furred 
1 in. Strips 16 
in. on centers 


As laid 


As laid 
As laid 


As laid 
As laid 


As laid 


As laid 
As laid 
As laid 
As laid 


As laid 


As laid 


low concrete block wall would be different when taken at 
a point opposite an air space than when taken at a point 
opposite the partition between air spaces. 
the ribbed wall construction as much as 5 deg was noted 
between those points over the ribs as compared to those 


In some of 


OUTSIDE 
SURFACE 
FINISH 


As laid 
As laid 
As laid 
Two Coats Water 
Proofed White 
Portland Ce- 
ment Paint 
Two Coats Water 
Proofed White 
Portland Ce- 
ment Paint 
Two Coats Water 
Proofed White 
Portland Ce- 
ment Paint 
Two Coats Water 
Proofed White 
Portland Ce- 
ment Paint 
Two Coats Water 
Proofed White | 
Portland Ce- 
ment Paint 





over the air spaces. 


January, 1936 


In such cases it would be impossible 
te get any consistent surface coefficient without taking 
the average of a large number of surface temperatures. 


Since the over-all transmission coefficients were calcu- 
lated on the basis of the differences in air temperatures 


between the two sides they were not affected by the irreg- 
ularities in surface temperatures and were, therefore, 
taken as a basis for computing the results and making 


Table 5—Test Data and Results for Masonry Walls 








ADDITIONAL 
INSULATION 
IN WALLS 


| None 





As laid 





lg in. plaster ap- 
plied direct 


As laid | 


| 


As laid 

Two Coats Water 
Proofed White 
Portland Ce- 
ment Paint 


As laid 
As laid 


Two Coats Water 
Proofed White 
Portland Ce- 
ment Paint 

As laid 

As laid 

As laid 


As laid 


As laid 


As laid 








iCores filled with 


| None 





None 
None 
None 


Cores filled with 
granulated cork 


Cores filled with 
dry cinders 


H1iGu 
SpE 


80 
80 .07 


79 .{ 


79 .56 


80 2% 





Cores filled with| 
Rock Wool | 


Cores filled with] 
Rx ck We ” | | 
| 


Rock Wool 
Cores filled with 
Rock Wool 


None 


None 





None | 


None 


None 


None 


None 


None 


None 


1 in. Air Space 


1 in. Rock Wool in 


Space Between 
Partition Tile 





80 


80.5 


80 .6 


SO 


07 


79 .80 
80 .: 


78.92 
79.5 


79 { 


79 .82 


81 


Arr TEMPERATURES 








43 | 











F | 
—— 
| Low MEAN 
| Sme | Temp. | 
} = L < : | 
—0.78 | 40.01 
0.13 | 40.10 
| 0.18 40.08 
0.48 40 .02 
0.43 39.98 | 
~) .27 39.98 
—) .41 40.01 
| | 
—0.32 | 39.96 
| 
4) .67 | 39 .94 
—0.64 | 40.00 
| 
0.0 40.03 | 
0.20 40.00 | 
0) 27 39 .98 
0.29 40 22 
1.74 40 07 
0.40 40 .04 
0.94 39.93 
0.64 39.98 
0.10 40 .02 
0.52 | 40.00 
0.34 39 .98 
0.15 39 .99 

















COEFFICIENT OF HEAT 























TRANSMISSION 
U 
Cc U CoRRECTED 
TO 15 MPH 
WInp VEL. 

583 0.335 0.399 
577 0.333 0.396 
577 | 0.333 | 0.396 
522 0.314 | 0.370 
238 0.189 0.261 
364 0.249 0.283 

| 
254 0.192 | 0.211 

| 

198 | 0.158 0.171 
251 0.190 0.209 
164 | 0.136 | 0.147 
498 | 0.305] 0.357 
493 0.303 0.354 
454 | 0.289 0 334 
914 0.423 0.530 
ss2| 0.416| 0.519 
851 | 0.409 | 0.509 

| | 
.856 | 0.410 | 0.510 
.531 0.318 0.374 
777 0.391 0.481 
.003 0.441 0.559 
358 0.247 0.279 
.204 | 0.162 | 0.176 
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aAir Conditioning 
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Table 6—Test Data and Results for Monolithic Walls 
Arr TEMPERATURE COEFFICIENT OF 
F Heat TRANSMISSION 
DATE DESCRIPTION INSIDE OUTSIDE U 
Watt] Test OF OF SURFACE SuRFACE | INSULATION Hicu Low MEAN Cc U | CoRRECTED 
No. | No. Test WALL FINISH FInisu SIDE SIDE Temp. | TO 15 MPH 
| Winp VEL. 
30a 20 4-6-35 |4 in. Sand and Limestone As Cast As Cast None 79.49 0.53 40.01 2.810 0.615 0.871 
Concrete Plastic Mix 
sla 21 4-9-35 |4in. Sand and Coarse Gravel As Cast As Cast None 80.61 0.61 40.00 2.976 0.622 0.886 
Concrete Plastic Mix 
sla 33 | 5-14-35 |4in. Sandand Coarse Gravel As Cast As Cast None 79.38 | 0.71 40 .04 2.918} 0.620 0.882 
Concrete Plastic Mix 
32a 24 | 4-16-35 |4in. Sand and Coarse Gravel As Cast As Cast None 79 .76 0.15 39 .96 3.230 0.632 0.906 
Concrete Dry Tamp Mix 
33a 22 | 4-11-35 [4 in. Cinder Concrete As Cast As Cast None 79.98 |—0 .39 39 .80 1.489 0.515 0.682 
Plastic Mix 
33a 23 | 4-13-35 |4 in. Cinder Concrete As Cast As Cast None 79.98 0.16 40 .07 1.456 0.511 0.676 
Plastic Mix 
34a 25 | 4-18-35 |4 in. Haydite Concrete As Cast As Cast None 80.21 |—0.22 40 .00 0.943 0.429 0.540 
Plastic Mix 
35a 27 | 4-24-35 |Double 4 in. Sand and As Cast As Cast 2 .52 in. 80.13 |—0.29 39 .92 0.660 0.359 0.433 
Gravel Concrete Dry Air Space 
Tamp Mix 
35b 29 5-3-35 |Double 4 in. Sand and As Cast As Cast 2 .52 in. 80 .27 4) .43 39 .92 0.509 0.320 0.378 
Gravel Concrete Dry Dry Cinders 
Tamp Mix 
35 34 | 5-17-35 |Double 4 in. Sand and As Cast As Cast 2 .52 in. 80.71 0.78 39 .97 0.170 0.140 0.150 
Gravel Concrete Dry Rock Wool 
Tamp Mix 
36a 26 | 4-20-35 /4 in. Sand and Coarse Cin- As Cast As Cast None 80.20 |—0.12 40 .04 2.160 0.577 0.797 
der Concrete Dty Tamp 
Mix 
37a 35 | 5-21-35 |z in. Sand and Gravel Con- As Cast As Cast None 79 47 0.63 40 05 5.710 0.691 1.032 
crete with 4 in. x 4 in. 
Ribs, Plastic Mix 
37b 32 | 5-10-35 |2 in. Sand and Gravel Con-| 14 in. Plaster on} As Cast 5 in, 80.07 |—0.18 39 .95 0 .687 0 .367 0.445 
crete with 4 in. x 4:in.| metal lath furr- Air Space 
Ribs, Plastic Mix ed 1 in. on Ribs 
37c 30 5-6-35 |2 in. Sand and Gravel Con-| 4% in. Plaster on} As Cast 5 in. 80 .86 4) .90 39 .98 0.143 0.121 0.128 
crete with 4 in. x 4 in. metal lath furr- Rock Wool 
Ribs, Plastic Mix ed 1 in. on Ribs 
37c 31 5-8-35 |2 in. Sand and Gravel Con-| 4 in. Plaster on} As Cast 5 in. 79 .80 0.42 40.11 0.143 0.121 0.128 
crete with 4 in. x 4 in. metal lath furr- Rock Wool 
Ribs, Plastic Mix ed on 1 in. Ribs 
comparisons between the various types of walls. In lower conductivity. Walls 30a and 3la have substan- 


order to take care of the irregularities in surface tempera- 
tures as mentioned, and the resulting differences in sur- 
face coefficients, averages were taken of all of the outside 
surface coefficients and all of the inside surface coefficients 
and these averages were taken as the true value for 
each test. From these coefficients the surface tempera- 
tures were corrected. The average of all outside sur- 
face coefficients was 1.55 and of all the inside coeffi- 
cients 1.6 

Table 7 shows thermal conductivity values for the 
different types of concrete used in the monolithic walls. 

Wall No. 35a (not shown in the Table) is a sand and 
gravel dry tamp mix consisting of two 4-in. monolithic 
slabs with a 2%4-in. air space between. It is of the same 
material and construction as 32a shown in the Table. 
Assuming an air space conductance of 1.1, the calculated 
conductivity value of the concrete is found to be 13. This 
checks with the conductivity of wall 32a which gave a test 
value of k = 13.1. 

Wall 3la is of the same material as 32a, the difference 
being that it was made up into a plastic mix while 32a 
Was a dry tamp mix. The thermal conductivity of 3la 
was 12.4 as compared with 13.1 for 32a. By referring to 
Table 2 it will be noted that wall 31a has an absorption of 
12.03 per cent as compared with 9.95 per cent for 32a, 
and a breaking load of 3772 as compared with 5385 for 
»2a. These values indicate that 31a is slightly more por- 
ous than 32a, which probably accounts for the slightly 


tially the same conductivity and as shown in Table 2 their 
breaking loads and percentages of water absorption are 
about equal. From these tests a conductivity of from 12 
to 13 for the average sand and gravel or limestone con- 
crete appears to be reasonable. 

From the test results a relation is suggested between 
thermal conductivity and percentage of water absorption 


Table 7—Effects of Aggregate on Conductivity for Monolithic 
































Walls 
| Sekt gee A 
| Conpuct- | THIcK- THERMAL 
WALL ANCE NESS Conpuct 
No. DESCRIPTION Cc Incues | rvity k 
30a /|4 in. sand and limestone concrete 
Plastic Mix 2.810 4.318 12.14 
3la /|4 in. sand and coarse gravel concrete 
Plastic Mix 2.976 4.168 12.40 
32a 4 in. sand and coarse gravel concrete 
| Dry Tamp Mix 3.230 4.050 13.10 
33a /4 in. 100 per cent cinder concrete 
Plastic Mix 1.472 3.902 5.75 
34a [4in. 100 per cent Haydite 
Plastic Mix 0.943 3.960 3.73 
36a /4 in. sand and coarse cinder 
Dry Tamp Mix 2.160 3.958 8.54 
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- Table 8—Effect of Aggregate on Conductivity for Masonry Walls 
































WALL CONDUCTANCE 
No. Description oF Blocks Usep c 
oy rae 8 in. x 16 in.—3-Oval Core Cinder Block 0.577 
~ 2a |e in. x 8 in. x 16 in.—B-Oval Core Haydite Block 0.495 
: 3a Sin. x8 in. x 16 in.—3-Oval Core Sand and Sane Block eS 0.882 a 
ad 8 in. x 8 in. x 16 in.—3-Oval Core SPR nora a? ae 
Sa [8 in. x8in. x 16in.—8-Oval Core Cinder Block | 0.531 
‘Ga (Sin. x 12in. x 16in.—8-Oval Core SandendGravel | eae 
Block | 0.777 








for monolithic concrete. The curve of Fig. 4 shows this 
relation, based on the tests now available, and while the 
investigation should be extended to more thoroughly 
cover the different aggregates before attempting to draw 
definite conclusions, the relation appears to be sufficiently 
close for many practical purposes. The percentage by 
volume of water absorption indicates the porosity of the 
concrete, which is one of the governing factors for con- 
ductivity. 


Tnermal Conductivity K -Table 7 





12 i 24 26 
Percent Water Absorption 
By Volume — Table 2 


Fig. 4—Curve showing relation between thermal conduc- 
tivity and water absorption for monolithic concrete 


From the results shown in Tables 7 and 8 the reduc- 
tion in thermal conductivity for the 8-in. monolithic wall 
when using cinders, as compared with that for sand and 
gravel, is 


13.1 — 5.75 
—— X 100 = 56.1 per cent, 
13.1 
and for masonry walls it is, 
0.882 — 0.577 
———— X 100 = 34.6 per cent. 
0.882 


When using Haydite as an aggregate the reduction in 
thermal conductivity, as compared with sand and gravel, 


Is 
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13.1 — 3.73 
—_———— 100 = 71.5 per cent for monolithic walls, and 
13.1 


0.882 — 0.495 


0.882 
The ratio of the reduction for monolithic, as compared 


56.1 





< 100 = 43.9 per cent for masonry walls. 


or 1.62 when using cinders, 





te masonry walls, is 
34.6 
71.5 





and or 1.63 when using Haydite. 
43.9 

The reason that the reduction is 62 per cent greater 
for the monolithic walls than for the block walls is due 
to the fact that a part of the heat passes directly through 
the air spaces in the masonry walls and is not affected 
by the kind of aggregate used. 

There are no 12-in. monolithic walls for comparison, 
but the 12-in. masonry walls, 5a and 6a of Table 8 show a 

0.777 — 0.531 
reduction in conductance of — 

0.777 

per cent when using cinders as compared with sand and 
gravel, whereas for the 8-in. wall the reduction was 34.6 
per cent. This rather close agreement between the 8-in. 
and the 12-in. walls merely shows that the core spaces 
have about the same relative effectiveness in both types 
of blocks. 

The relative insulating values of the 8-in. and 12-in. 
masonry walls are shown by comparing the test results 
for la to 5a and 3a to 6a. Taking la and 5a the reduc- 
tion in conductance is, 

0.577 — 0.531 


< 100 = 31.7 





xX 100 = 8.29 per cent. 


0.577 


Taking 3a and 6a the reduction is, 
0.882 — 0.777 





xX 100 = 13.5 per cent. 
0.882 


In the case of the monolithic walls the reduction in con- 
ductivity for a 12-in. wall over that for an 8-in. wall 
should be 50 per cent. The reason for this poor showing 
for the 12-in. masonry wall as compared with the 8-in. 
masonry wall is due to the fact that the size and shape 
of the air spaces are constructed to give substantially the 
same value for both walls. This is apparent by compar- 
ing the dimensions and air space construction of the 8-in. 
and 12-in. blocks as shown in Figs. 1 and 2. The air 
spaces in the 12-in. block are wider along the path of heat 
flow than those in the 8-in. block, but they are of no 


Table 9—Insulating Value of Air Spaces Bounded hy Two 
Parallel Concrete Surfaces Normal to the Path of 























Heat Flow 
as T 
APPARENT 
WALt | Conpbuct- ConDuct- 
No. | DESCRIPTION OF WALL ANCE C ANCE a FOR 
FOR WALL Arr SPACE 
32a | Monolithic 4 in. sand and coarse gravel 
| Dry Tamp Mix 3.23 
— | ee a eS SD 
35a | Two monolithic 4 in. sand and gravel. Dry 
Tamp Mix. Walls separated by 2.52 in. 
air space 0.660 1.11 
ie A OEE a a 
7a =| 4in. x 8in. x 16 in.—3-Core Cinder Partition 
| Tile 1.003 
= a — |—___—— 
8a | Two walls same as 7a spaced 1 in. apart. 0.358 | 1.25 
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greater insulating value as an air space reaches its maxi- 
mum heat resistance at approximately 1 in. in width. 

The results of Table 10 show the improvement in 
thermal conductivity obtained by placing insulation in 
the vertical air spaces of the test walls, and also some of 
the precautions which must be taken when insulating 
walls of this type. The percentage in improvement was 
based on the reduction in over-all conductivity coefh- 
cients for a 15-mile wind. The apparent conductivity 
value of 0.33 for Rock Wool as found when comparing 
masonry walls 8a and 9b is slightly higher than would 
be anticipated, but the value of 0.478 as calculated from 
the test results of walls 35a and 35c is so far out of line 
as to require further consideration. 

In all cases the test walls consisted of two vertical sec- 
tions spaced 2% in. apart and held together with tie rods 
which passed through the air space or insulating material. 
These tie rods were embedded in the concrete at both 
ends and provided paths of high heat conductivity. If it 
is assumed that the contact between the ends of the rods 
and the concrete was of sufficient area to supply heat 
to the rods at one end and remove it from the other in 
the same proportion as it was supplied and taken away 
from the air space or the insulating material in the air 
space, then the insulating material and the rods would 
each transmit a part of the total heat, which would be pro- 
portional to their heat conducting capacity. In each case 
this capacity would be equal to the area of the material 
times its thermal conductivity. If the conductivity of 
Rock Wool is taken as 0.27 and that of iron at 324.0, 
one square foot of tie rod is equal to 324.0 + 0.27 or 
1200 sq ft of Rock Wool as a heat conductor. 

In wall 8b there were 15 tie strips of 28-gage metal 
3%4-in. wide, giving a total area of 0.146 sq in., or the 
equivalent of, 

0.146 
—— X 1200 = 1.22 sq ft of Rock Wool. 
144 


| 
Table 10—Insulation Placed in Air Spaces Bounded by Parallel 
Surfaces 
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: > as = 2 | 4 - () 
No. | |} O32 {a 2Q)/O5/008|<6<8 
Two Masonry walls built of 
Sa 4 in. x 8 in. x 16 in. 3-core | 
cinder partition tile spac-| | 
ed 1 in. apart 0.279 | 3.58 | 
PSS eee —_——|——__|—_— 
Sb |Same as 8a with air space | | 
filled with Rock Wool 0.176 | 369 | 568/210) 0.33 
Two 4 in. monolithic sand 
and gravel. Dry Tamp 
Mix. Concrete walls spac- | 
ed 2 52 in. apart 0 433 | 2.31 | 
Wall No. 35a. Air a? 
filled with dry cinders 0 378 12.7 2 65 | 0.34 2.00 





3 Wall No. 35a. Air space 
filled with Rock Wool | 0.150 
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Correcting the calculated value of 0.33 gives 
9 (square feet ol test area) 
0.33. ——$ A qc 0.291 
9 + 1.22( equivalent area of insulation) 

as the true thermal conductivity value for Rock Wool 
used in the masonry walls. 

For wall 35c there were twelve 4-in. tie rods through 
the test area equal to 0.588 sq in. in area, or the equiva- 
lent of 


0.588 
— X 1200 = 4.9 sq ft of insulation. 
144 
Correcting the calculated value of 0.478 gives 
9 
0.478 Kk —— — 0.31 
9+ 4.9 


as the true value of k for Rock Wool when using it in 
the monolithic wall. 

While the assumpticns as to the proportional amounts 
of heat conducted through the tie rods and the insulating 
materials are only approximately correct, the calculations 
based on them give reasonable values for the conduc- 
tivity coefficient of the insulating material, and by this 
assumption calculated over-all coefficients agree reason- 
ably well with test coefficients. 

If metal tie rods, having their ends embedded in a 
high conductivity material, pass through an insulated 
area, they become important factors in the heat conduc- 
tivity through tliat area and must be taken into consid- 
eration in making calculations. The effect of such rods 
becomes more important as the thermal conductivity of 
the space is reduced. For best results the area of the 
rods should be kept as low as consistent with structural 
requirements, and it is probable that a greater improve- 
ment in the over-all coefficient for the test walls might 
have been obtained by reducing the number and size of 
such tie rods to minimum requirements. 

The results in Table 11 show the effectiveness of in- 
sulating material when placed in the cores of concrete 
masonry walls. The high effective conductivities are due 


Table 11—Insulation Placed in Cores of the Blocks Used in 
Masonry Walls 
8 in. x 8 in. x 16 in. 3-Oval Core Cinder Blocks 


OVER-ALI 
Corrr, I 


Le | EQUIVALENT 


Density or | INSULATION | THICKNESS OF 


WALL! INSULATING | INSULATION PER SQ FT INSULATION |FoR 15 MiLes 
No. MATERIAL LB/CU FT WALL AREA Over Watt WIND 
SURFACE VELOCITY 
Ib |None 0.370 
ae | 
lc |Granulated 
Cork 5.12 1 34 3.15 0 201 
> | 
ld |Dry Cinders 69 7 18 29 3.15 0.283 
-—| — 
le |Rock Wool 14 21 3.72 3.15 0.211 
PERCENT GAIN IN 
OVER-ALL IMPROVE RESISTANCE Errective CONDUCTIVITY 
RESISTANCE MENT IN Dur to | k FoR INSULATING 
1/U OVERALL INSULATION MATERIAL 
Coerrr. U For 
Watt TEestep) 
Ib 2 70 | 
lc 4.97 45 7 2.27 1.38 
ld 3.53 23 .5 0.83 3.80 


le | 4.74 43.0 2.04 1.56 
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Table 12—The Effectiveness of Insulation When Placed Between 
4 in. x 4 in. Vertical Concrete Ribs in a Wall 





























OVER-ALL PERCENT | EQUIVALENT 
Corrr. U IMPROVE- THICKNESS | OVER-ALL 
WALL 15 Mite MENT IN or Insuta- | Resist- 
No. CONSTRUCTION WIND OVER-ALL TION OVER ANCE 
Vevocity | Corrr.U | WALL AREA 1/U 
37a |2 in. sand and gravel 
monolithic con- 
crete with 4 in. x 4 
in. ribs. Plastic 
Mix. 1 .032 cee penis 0.968 
37b |Same as 37a with % 
in.plaster on metal 
lath. Furred 1 in. 
on ribs 0.445 56.8 2.247 
37c |Same as 37b with air 
space filled with 5 
in. Rock Wool. 
Density 9.53 lb 0.128 87.5 4.16 7.812 




















to the fact that large percentages of heat flow through 
the solid partitions of concrete between the cores which 
are not affected by the insulation. 

The effect of placing insulating material between 
vertical concrete studs of concrete walls is shown in the 
results for walls 37a, 37b and 37c, Table 12. In this 
table the equivalent thickness of insulation over the wall 
area was calculated by multiplying the total thickness of 
5 in, between the studs by 20/24 to get the average thick- 
ness over the wall. 

The gain in heat resistance for wall 37b over wall 37a 
is 2.247 —0.968 = 1.28. A part of this gain is due to 
the air space and a part to the metal lath and plaster. 
The gain in resistance due to adding insulation in the 
air space is equal to 7.812 — 2.247 = 5.56. In adding 
this insulation the value of the air space as such is lost. 
Therefore a proportional amount should be added to the 
gain of 5.56 in order to get the actual added resistance 
to be accredited to the Rock Wool as applied: 


20 
5.56 4 0.91 K — F=— 6.32, 
24 


the equivalent resistance of the Rock Wool over the full 
surface of the wall. 

Since the equivalent thickness of insulation is 4.16 in. 
the effective conductivity, k, for the Rock Wool is 
4.16 
— = 0.658. 
6.32 
sulating value for Rock Wool when used in this manner 
is the same as that for insulating material applied in the 
cores of concrete blocks. The heat which flows through 
the 4 in. x 4 in. ribs is not affected by the insulation. 
The flow is, however, restricted to a certain extent by 
the application of the 1 in. x 2 in. wood furring strips. 

The effect of Cement Paint on the surface of masonry 
walls is shown in Table 13. The gain is probably largely 
due to the fact that it prevents the circulation of air 
through the porous material near the surface rather than 
to any insulating qualities of the paint proper. 


The explanation for the low effective in- 


Conclusions 


1. For concrete of average aggregates without special consider- 
ation for low density, a conductivity value of 12.0 to 13.0 is 
reasonable. 

Light weight aggregates are more effective in reducing the 
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conductance of monolithic walls than they are in reducing 
the conductance of masonry walls with cored out sections in 
the blocks. 

3. The thermal conductivity of monolithic concrete is in gen- 


eral directly proportional to its density. Since the density 
is largely governed by its porosity and porosity is measured 
by the amount of water absorbed, the percentage of water 
absorption by volume is suggested as a measure of the thermal 
conductivity of monolithic concrete construction. This rela- 
tion should have further investigation. 

4. The reduction in conductance of a masonry wall built with 
12-in. blocks over that of a similar wall built with 8-in. 
blocks depends upon the density of the aggregate, but for 
average construction it is less than 15 per cent, whereas for 
a monolithic wall the reduction would be 50 per cent. This 
difference is due largely to the shape and location of the 
air spaces in the design of the blocks. 

5. In concrete masonry or monolithic walls built up with parallel 
slabs for the purpose of obtaining an air space between or 
for the use of insulating material between the two slabs, spe- 
cial consideration must be given to the conductivity of any 
tie rod or support between the slab. 

6. The effectiveness of an insulating material when placed in the 
cores of concrete blocks will depend upon the thermal con- 
ductivity of insulation, the thermal conductivity of the aggre- 
gate, and the design of the cored spaces in the block. 

7. From conclusions 4 and 5 it follows that in order to get the 
full value of an insulating material when placed in any wall, 
it must be so placed as to effectively block off all paths of heat 
flow which may join the two surfaces of the wall. 

8. A surface finish may serve to reduce the interchange of air 
through the surface and therefore reduce the thermal conduc- 
tivity. 
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Table 13—Effect of Cement Paint on the Surface of Masonry 


























Walls 
BR 
REDUCTION IN 
CONDUCTANCE, 
PERCENT, DUE 
WaALL| Description oF WALL SURFACE Conpuct- | TO ADDITION 
No. FInisH ANCE OF SURFACE 
Cc PAINT 
la /|8in. x 8 in. x 16 in. 3-oval 
core cinder block None 0.577 
lb |Same as la Two coats Water 
Proofed White 
Portland Ce- 
ment Paint 0.522 9.5 
2a |8in. x 8 in. x 16 in. 3-oval 
core Haydite block None 0.495 
2b {Same as 2a Two coats Water 
Proofed White 
Portland Ce- 
ment Paint 0.454 8.3 
3a [8in. x8in. x 16in. 3— 
Ovel core sand and 
gravel block None 0.882 
3b |Same as 3a Two coats Water 
Proofed White 
Portland Ce- 
ment Paint 0.851 3.5 
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tion with School of Public Health, Harvard University 


N a previous paper’ Lehmberg and his co-workers 

outlined a technic for studying ventilation require- 

ments from the standpoint of body odors. Their 
work was purely fundamental, dealirs largely with the 
development and evaluation of a suitable scale for judg- 
ing intensity of body odors, and application of this scale 
to a laboratory experiment for studying the factors affect- 
ing odor intensity in a confined space. 

The work to be described here is an elaboration of 
Lehmberg’s preliminary experiments. The object was 
to study the general problem of ventilation odors under 
normal conditions, comparable to those in schoolrooms, 
offices, homes and the like with the possibility of estab- 
lishing ventilation requirements for various groups of 
individuals, including grade school children and adults, 
under representative winter and summer conditions. 
Three methods of odor control were studied dealing with 
personal sanitation, ventilation, and air washing. 


Principles of Olfaction 


It is often stated in the literature, and rightly so, that 
the human nose when properly utilized affords a better 
criterion of the quality of air in occupied rooms than 
any of the known physical or chemical tests. Intelligent 
use of the sense of smell in ventilation requires a knowl- 
edge of its functions and limitations, a brief outline of 
which is given here. 

The organs of smell are situated at the upper part 
of the nasal cavities, one in each cavity. The essential 
part of the organ is a delicate mucous membrane, the 
so-called olfactory epithelium, which covers the upper 
turbinal bone and adjacent portion of the septum (see 
Fig. 1), an area only about 250 sq mm.? The membrane 
is yellowish in color and is innervated by filaments from 
the olfactory nerve. These filaments, or olfactory hairs, 
are believed to be lipoid in character and they constitute 
the true receptive elements of the orzans of smell. They 
are bathed in a mucous secretion from numerous olfac- 
tory glands in the epithelium. In addition to olfactory 
cells, there are free nerve endings in the olfactory epi- 
thelium sensitive to irritants such as ammonia or sulfuric 
acid, but these are believed to have little or nothing to 
do with true odors. 


_—_—_... 


*Asst. Prof. of Industrial Hygiene, School of Public Health. 
TAssistants, Dept. of Industrial Hygiene. 
iLehmberg, W. H., et al.: A Laboratory Study of Minimum Ventilation 
Requ ments: Ventilation Box Experiments. A. S. H. V. E. Journal 
Section :, Heating, Piping and Air Conditioning, January, 1935. 
—— Principles of Human Physiology. Lee and Febiger, Phila- 


presentation at the 42nd annual Meeting of the AmMerIcAN Society 
OF IiraTING AND VENTILATING Encineers, Chicago, Ill., January, 1936. 


It is now generally recognized that the olfactory organs 
are normally stimulated by molecules of odorous sub- 
stances in the inspired air diffusing to the olfactory 
membrane where they must enter into solution with the 
mucous coating of the membrane before arousing the 
sense of smell by chemical action on the olfactory hairs. 

In ordinary respiration, the course of air passing 
through the nasal cavity does not extend up high enough 
to strike the olfactory membrane, but the odoriferous 
particles reach the membrane by diffusion which grad- 
ually changes the air in the olfactory cleft. Sniffing ap- 
pears to be the most effective and quickest way for the 
full perception of odors, as it directs the air stream up- 
wards toward the olfactory areas. 


cumncraay Fig. 1 — Section 
through right nasal 
cavity showing ol- 
factory region and 
direction of air 
currents during in- 
spiration 





Man’s sense of smell is normally aroused by incon- 
ceivably small concentrations of odoriferous substances. 
The sensitivity varies in different individuals. In a very 
recent review on odors and odor control, Pierce* reports 

1 

— of a milligram of oil of rose per cubic 
2,000,000 
centimeter of air can be distinctly smelled. 
a liquid with a penetrating garlic odor, can be smelled 
in much smaller concentrations. The odor of butyric 
acid, a constituent of the body odor complex, can be 
detected in concentrations of 0.000009 miligrams per 
cubic centimeter of air. 

The olfactory organs are quickly and easily fatigued 
if the exciting stimulus continues, although they can 
perceive the sudden appearance of new odors. The 
occupants of a crowded and poorly ventilated room are 
not capable of recognizing body odors which are very 
apparent or even intolerable to a newcomer. Breathing 
fresh air restores the sensitivity. Therefore, in order 
to get a good impression of ventilation conditions in a 
room, one should pass quickly from clean outdoor air 


that 


Mercaptan, 


Pierce, W. MacL.: Odors and odor control. A thesis submitted to 
the Department of Industrial Hygiene, Harvard School of Public Health 
for the Degree of Master of Science, January, 1935. 
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to the room to be tested. One or two sniffs produce the 
strongest sensations of body odor, after which the sensa- 
tion diminishes and soon ceases altogether. 

Recovery of excitability is apparently likewise rapid, 
although it varies to some extent with the ‘ncentration 
and length of exposure to odorous air. In u ~ experi- 
ence with body odors, the breathing of fresh air ‘om 5 
to 10 min restores full excitability after exposurc 
3 to 4 hours in crowded and poorly ventilated rooms. 

For best results the nose must be neither too dry nor 
too moist. Persons with colds are unable to smell odors. 
It is possible by mixing odoriferous substances in certain 
proportions to annul or mask their effect on the olfac- 
tory organs. Likewise, in the presence of a strong odor, 
one cannot, as a rule, detect a weak odor simultaneously 
present in the air. 

The unit of odor intensity is the olfactory threshold 
which itself is the smallest amount of an odorous sub- 
stance required to stimulate the olfactory nerves. Dif- 
ferent odors have different threshold values, and the 
threshold value of an odor expressed in grams per cubic 
centimeter is called an olfacty. 

The intensity of odor perceived by the sense of smell 
does not vary in proportion to the concentration but 
approximately in proportion to the logarithm of the 
concentration. The variation is according to the law of 
physiological stimuli in general as expressed by the 
Weber-Fechner law,* namely, Sensation = K log. of 
stimulus-intensity. 

t 
Sources of Odors in Occupied Rooms 


Odors in living rooms come mostly from the occupants 
themselves. Odors from furniture, etc., are not, as a 
rule, conspicuous in the presence of body odors, although 
they may be accentuated in a warm or moist atmosphere. 
The sources of body odors are numerous; foul breath, 
decaying teeth, sweat and sebacious secretions, especially 
when personal hygiene is deficient, gases from the 
stomach and bowels, and decomposition of matter from 
the skin and clothes are all contributory more or less, 
depending upon the socio-economic status of the occu- 
pants. Various gases, CH,, CO,, H, N, and H,S have 
been detected® in intestinal gases eliminated from the 
rectum, and they may be tainted with the disagreeable 
odor of skatol and indol, which are normally present in 
the lower bowel. 

Even healthy and clean persons freshly after a bath 
gave off in our experiments an appreciable amount of 
odor, which is apparently a normal waste product aris- 
ing from metabolic processes and decomposition of matter 
in the skin and clothing. 

Such odors are not, as a rule, known to be harmful, 
but they certainly induce a feeling of stuffiness and dis- 
comfort to anyone coming from outside. The occupants 
themselves may not be conscious of the odor but they 
seem to be capable of detecting stuffiness or lack of 
freshness in the air. Sensitive persons are occasionally 
affected in a pathological way by sitting in such rooms. 
The untoward effects of body odors on appetite for food 
and performance of physical work were studied exten- 





*Fair, G. M.: On the determination of odors and tastes in water. 
Journal New Eng. Water Works Assn., vol. 47 (Sept., 1933). 

Collis, E. L., and Greenwood, Major: The health of the industrial 
worker. P. Blakiston’s Son & Co., Philadelphia, 1921. 
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sively by Winslow and Palmer in the laboratories of the 
New York State Commission on Ventilation.® 

Despite the opposing schools of thought concerning 
the health aspects of body odors, the general agreement 
is that they should be controlled preferably by personal 
habits of cleanliness, or by ventilation and air condition- 
ing, as it is difficult to control the source of odor itseli. 
According to the latest views the air of occupied rooms 
should give a favorable impression on entering, taking 

*o consideration such factors as odors, freshness, tem- 
perature, humidity, drafts and other factors affecting the 
senses. The present paper is largely concerned with 
such primary, as well as secondary sense impressions, 
which were taken as a criterion of ventilation require- 
ments. 

Equipment 


The experiments were carried out in two adjoining 
rooms, on the northwest side of the building. The rooms 
were approximately identical, having a floor area of 155 
sq ft, a ceiling height of 9 ft 2% in., a window area of 
20 sq ft and a net air space of 1410 cu ft approximately. 
The windows were weatherstripped and all cracks care- 
fully sealed with adhesive tape. 

One of the rooms, hereafter referred to as the experi- 
mental room, was occupied by the subjects who consti- 
tuted the source of odor production. The other room 
served as a control room for the judges who estimated 
the odor intensity in the experimental room. 

A small tight door was cut in the common partition 
to allow direct passage of the judges from the control 
room to the experimental room in order to judge the 
odor intensity and air quality. Separate air conditioning 
units, installed in the corridor, kept the two rooms at 
approximately the same temperature and humidity in 
any given test, so that the only variable factors in the 
two rooms were the outdoor air supply and the number 
and type of occupants. 

One of the air conditioners was equipped with a 
centrifugal humidifier capable of fully saturating the air 
passing through it under the experimental conditions. 
The other one was of the conventional spray-dehumidi- 
fier type. The rated capacity of both was 1000 cfm, 
but the orifices employed for measuring airflow reduced 
it to about 500 cfm, which was ample for the purpose 
of the experiments. The air was introduced to the 
rooms near the ceiling through 14 in. round ducts run- 
ning along the entire length of the rooms and fitted with 
splitters. The ducts were perforated over half of the 
periphery with a multitude of holes % in. in diameter 
and 2% in. on centers, facing toward the ceiling. The 
recirculated air was withdrawn at floor level through a 
10 in. round duct. The exhaust air was allowed to 
escape to the corridor through sensitive check louvres 
attached near the bottom of the doors. 

Accurate measurements of the total air supplied to 
the rooms, the amount recirculated, and that taken from 
out of doors, were made by means of thin-plate orifices 
designed in accordance with the A. S. M. E. standards‘ 
and checked against a calibrated venturi meter. Control 


*Ventilation. Rept. N. Y. State Commission on Ventilation. E. 
Dutton & Co., New York, 1923. 

‘Fluid meters and their application. Rept. of Comm. on Fluid Meters, 
Research Publication, 4m. Soc, Mech. Engrs., 8rd ed., 1931, 
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of the air flow was by means of variable speed motors 
and different size orifices. 

Dry and wet bulb temperatures were measured by 
means of aspirating psychrometers, and the air move- 
ment by means of kata-thermometers, or globe ane- 
mometers.* Measurements of carbon dioxide were made 
by means of a 20 cc modified Haldane gas analysis 


apparatus® for CO, only. 
Experimental Procedure 


Starting with a more or less definite plan, the pro- 
cedure had to be modified during the first few experi- 
ments in order to allow for unforeseen conditions. During 
the preliminary part of the study, the outdoor air supply 
to the control room was fixed at the usual standard of 
30 cfm per person with no recirculation. It was soon 
found out, however, when we began to study the influence 
of air space, that the odor strength in the control room 
was often higher than that in the experiment room. This 
upset the comparisons as it is physiologically impossible 
to judge odor strength by comparing an odor of standard 
intensity with one of lower intensity. The difficulty was 
overcome by increasing the outdoor air supply to 50 
cim per person and limiting the number of judges in 
the control room at any one time to 3, usually 2. This 
control standard was based on the minimum outdoor air 
supply required to keep the odor intensity in the con- 
trol room approximately at the olfactory threshold, by 
comparison with clean outdoor air. The departure from 
the original plan is a happy one, as the olfactory threshold 
is a unit of odor intensity, and a much more rational 
base line than the arbitrary 30 cfm standard. The situa- 
tion is analogous to our standards of sound or noise, 
in which the base line is likewise the threshold of hear- 
ing that is, a barely audible sound. 

The experimental room was occupied by 3, 7, and 14 
subjects in different series of experiments, so as to 
obtain 3 different floor areas per person, i.e., 11, 22, 
and 52 sq ft and 3 different air spaces 100, 200 and 470 
cu ft approximately. The air flow in the experimental 
room was varied from about 2 to 30 cfm per person in 
different experiments. In one series the total air supply 
remained constant at 30 cfm per person but the amount 
taken from out of doors was varied from 2 to 30 cfm. 
In another series only outdoor air was circulated through 
the experimental room. In a third series, the mixture 
of outdoor and recirculated air was washed, cooled, 
humidified or dehumidified in order to determine the 
effect of these processes on odor removal and on mini- 
mum ventilation requirements. 

Keeping the air flow in the control room at 50 cfm 
per person in all experiments and the temperature and 
humidity approximately the same as that prevailing in 
the experimental room, the judges passed one at a time 
from the control to the experimental room, once every 
hour or so, recording the strength of body odor im- 
mediately after the change, according to the scale in 
Table 1. The agreement between judges was usually 
with in + % point on the scale, as in Lehmberg’s work, 
once they have become familiar with the scale. 

Altogether 60 men and women with more or less 


“A new instrument to be described elsewhere. 
_*Haldane, J. S., and Graham, 7 a 
Griffin & Co., Ltd., London, 1985. 
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Table 1—Sensory Intensity Scale of Body Odor 
Opor 
INTENSITY | CHARACTERISTIC QUALIFICATION 
INDEX TERM 
0 None No perceptible odor. 
lg Threshold Very faint, barely detectable by trained judges; 
usually imperceptible to untrained persons. 
1 Definite Readily detectable by all normal persons but 
not objectionable. 
2 Moderate Neither pleasant nor disagreeable. Little or no 
objection. Allowable limit in rooms. 
3 Strong Objectionable. Air regarded with disfavor. 
4 Very strong Forcible, disagreeable. 
5 Overpowering Nauseating. 











normal sense of smell served as judges. They were 
drawn from employees of the school and graduate stu- 
dents. Two of the judges devoted their whole time to 
the tests. The others usually from 8 to 15 in each test 
were called in when needed, and after a short stay in 
the control room, they passed to the experimental room 
to smell the air, and then released. All records were 
kept confidential by two men who ran the tests. 

As a rule each test consumed a whole morning 
(9-12:30) or a whole afternoon (1:30-5:00). In a few 
instances the duration was shorter or longer. The 
equilibrium time with respect to odor intensity varied 
from one to three hours, inversely with the amount of 
outdoor air introduced. 

Before and after each test the rooms were thoroughly 
ventilated in order to get rid of residual odors, and the 
air conditioning apparatus was kept clean at all times. 

In order to secure uniformity in results and at the 
same time cover a fair cross-section of socio-economic 
status, the subjects were divided in 5 groups as follows: 


(a) Sedentary men and women of average socio-economic 
status (between 16 and 60 years old), including high school, 
college and medical students, office workers, teachers, house- 
wives, etc. (total 177 

(b) Grade school children between 7 and 14 years old of 
average or balanced socio-economic status (total 62). 

(c) Laborers, such as janitors and street workers (total 8). 

(d) School children of the poorest class (total 7). 

(e) School children of the better class (total 28). 

Most of the subjects belonged to groups a and bp. 
They were apparently healthy and had normal personal 
habits. Variations from the normal were studied in a 
limited number of subjects classified under groups c, d, 
and e. Some of the children in groups b, d, and e were 
selected by the principal and nurse of a nearby school 
and sent to the tests with their teacher. 

All subjects were paid adequately to keep them in- 
terested in the work. No attempt was made to control 
personal habits of hygiene or nutrition. However, the 
use of cosmetics, including face powder, had to be for- 
bidden owing to a masking effect upon odors. Individ- 
ual variations did occur, even among persons of ap- 
parently the same socio-economic status and with the 
same number of baths, but these were smoothed off by 
the use of a large number of subjects, as would be the 
case in most public buildings. 

During the experiments the subjects were seated com- 
fortably in arm chairs, and they read, wrote or played 
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cards. The clothing was of the customary indoor type 
according to the season. 

The age, height, sex and occupation were recorded 
routinely in all tests. The date of last bath was also 
recorded more or less regularly, but this record was 
optional in the case of women. The weight was ac- 
curately determined before and after each test. At the 
beginning, near the middle and at the end of each test 
the adult subjects recorded their impressions of com- 
fort, humidity, air quality and odor, according to a sim- 
ple plan explained to them at the beginning of the test. 
The children answered questions pertaining to comfort 
only. 

In this way information was obtained dealing with 
both primary and secondary impressions of air quality 
under various conditions of ventilation and with repre- 
sentative groups of persons. The primary impressions 
were those of the judges; the secondary, those of the 
subjects after becoming adapted to the conditions of the 
tests. 


Results 


The data presented in this progress report deal with 
more or less comfortable conditions of temperature and 
humidity in the winter and summer. Observations with 
high and low humidities and with temperatures near the 
upper and lower boundaries of the comfort zones are 
yet to be completed. In addition many other questions 
are now being studied, bearing on the subject matter 
and data under consideration, for presentation in a final 
paper. 

Throughout this work during the past three years, 
advantage has been taken of the splendid opportunities 
offered for parallel sideline studies of problems dealing 
with seasonal variation of comfortable air conditions in 
large groups of children and adults, sudden temperature 
contrasts, insensible perspiration, carbon dioxide output, 
humidity and air freshness, etc., which will be published 
in the future as time permits. 

The mass of data in the present paper is condensed 
to essential facts in Table 7, and the reader who is in- 
terested in facts alone may save much time by referring 
to this tabulation. 

Intensity of Body Odor in Relation to Outdoor Air 
Supply 

(a) Observations with sedentary subjects. 

In Fig. 2 are shown the results of experiments with 
simple ventilation using healthy sedentary subjects over 
16 years of age. The data are representative of winter 
conditions when the air is simply tempered and circu- 
lated through the occupied space with or without recir- 
culation. Ordinates in Fig. 2 give the average odor in- 
tensity recorded by the judges in each test under equili- 
brium conditions. Abscissae give the corresponding 
quantity of outdoor air supplied per person per minute. 
In most instances the total air supply was 30 cfm per per- 
son (black circles) part of which (X) was taken from 
outdoors and the remaining part (30-X) was recircu- 
lated. The white circles represent tests in which there 
was no recirculation. 

The first thing to notice in Fig. 2 is that when the odor 
intensity as perceived by the sense of smell is plotted 
against the logarithm of the outdoor air supply the rela- 
tionship is linear. This is in accord with the Weber- 
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Fig. 2—Outdoor air supply in relation to odor intensity. Net 
air space per person, 200 cu ft 


Fechner law of physiological reactions in general, namely, 
Sensation = K log. of stimulus 
and by inference 
Odor intensity index = K log. of concentration of odor, or 
1 
= K log. and 
outdoor air supply 


log. cfmz 


“ “ “ 





(O.L.): 


(O.1.)2 log. cfm: 

Translated into words, the strength of body odor per- 
ceived by the sense of smell on entering an occupied room 
from relatively clean air varies inversely as the log. of the 
outdoor air supply. The same fundamental law applies 
to the sense of hearing, and it may be of interest to call 
attention to the fact that our standards for noise and 
sound have been determined by similar subjective tests 
using the normal human ear for criterion. 

It is seen in Fig. 2 that the body odor was very strong 
and disagreeable when the outdoor air supply per person 
was under 3 cfm, the strength decreasing arithmetically 
as the air supply increased logarithmically. The mini- 
mum air supply required to dilute the odor to the allow- 
able intensity of 2 under the given conditions (200 cu ft 
air space per person, no air conditioning) is about 16 
cfm per person. With 30 cfm per person, the odor is 
still readily detectable but not objectionable. 

Recirculation does not seem to affect the odor strength 
appreciably, as shown by the black and white circles in 
Fig. 2. In other words, from the standpoint of body 
odor, a room can be ventilated just as well with an out- 
door air supply of 16 cfm per person as with a total sup- 
ply of 30 cfm, about %4 of which is recirculated. Recir- 
culation is often desirable for adequate distribution and 
temperature control, but one of the disadvantages is that 
it smells up the ducts, fans, etc., and unless the system is 
flushed frequently with clean air, higher air quantities 
will be needed to obtain satisfactory results. 

Sex was not a factor in odor intensity and ventilation 





Table 2—Intensity of Body Odor With Men and Women Subjects 
Under Comparable Conditions 








AVERAGE 
TOTAL Arr Space | Outpoor AIR 
Susyects | NuMBER| NUMBER PER SUPPLY PER AVERAGE 
OF OF PERSON PERSON OpoR 
Tests | SuBjEcTS Cu Fr CFM INTENSITY 
Women.... 4 23 200 15.8 2.05 
ee 5 35 200 15.9 2.00 
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requirements in all instances in which female subjects 
used no perfumery of any sort, including face powder, be- 
fore coming to the tests. Results of two series of experi- 
ments with men and women subjects, under comparable 
conditions are shown in Table 2. Similar tests with 
grade school boys and girls showed no appreciable differ- 
ence in odor intensity that could be attributed to sex. 
(b) Observations with children of average class. 
Grade school children between 7 and 14 years old 
have, apparently an equation of their own. In spite of 
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Fig. 3—Outdoor air supply in relation to odor intensity. Net 
air space per child, 200 cu ft 
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Fig. 4—Influence of air space on odor intensity. Adult subjects 
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Fig. 5 Chart for computing ventilation requirements of seden- 
tary adults from the standpoint of body odor 
Example: Given an air space of 300 cu ft per person, follow 


— line through given air space until it meets the broken horizontal 
ime passing through the allowable odor intensity of 2. The required 


outdoor air supply per person is 12 cfm obtained by interpolation. 
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smaller body surface and lower total metabolism, they 
give off more odor than the adults and the air require- 
ment is therefore considerably greater. The upper curve 
in Fig. 3 shows the results on a group of children of 
average or balanced socio-economic status. The condi- 
tions of the experiments were more or less comparable to 
those in schoolrooms with respect to air space, method 
of ventilation, activity, etc. The lower curve is repro- 
duced from Fig. 2 for comparison with the results of 
adults under similar conditions. Whereas in the case of 
adults an outdoor air supply of 16 cfm per person was 
sufficient to take care of objectionable body odors, in 
children the air supply had to be increased to 21 cfm 
per child. 

(c) Observations with adolescent children. 

Adolescent boys and girls between the ages of 16 
and 20 years yielded results closer to those of adults 
than those of grade school children. In 4 experiments, 
with a total of 28 adolescent boys and girls, using an 
air flow of about 10.5 cfm per person, the odor intensity 
averaged 2.5 + 0.13, as compared with 2.4 for the adult 
subjects (See Fig. 2) and 2.7 for the grade school chil- 
dren (See Fig. 3) under identical conditions. It may 
therefore be assumed that the requirements of adoles- 
cent children and adults are practically the same. 

Air Space, Odor Intensity and V entilation Requirements 
(a) Observations with sedentary adult subjects. 
The number of persons occupying a room appears to 

be a very important factor affecting odor intensity and 

air requirement as shown in Fig. 4. The 3 curves rep- 
resent results with 3, 7, and 14 subjects in the room, 
corresponding to floor areas of 11, 22, and 52 sq ft per 
person and air spaces of 100, 200, and 470 cu ft re- 
spectively. The middle curve is reproduced from Fig. 

2 without the points. 

With 470 cu ft of air space per person, which is more 
or less representative of conditions in homes, uncrowded 
offices, and the like, the air requirement from the stand- 
point of body odor- was 7 cfm per person; with 200 
cu ft air space, it was about 16 cim per person, and 
with 100 cu ft air space, it was almost 25 cfm or 3% 
times as great as with an air space of 470 cu ft. 

With constant air supply the intensity of body odor 
varied inversely with the log. of the air space. The 
relationship is shown in Fig. 5 from which it is possi- 
ble to compute the ventilation requirements for inter- 
mediate densities of occupancy. There is no way to 
tell, except by actual tests, whether the values would hold 
with ceiling heights much greater than 10 ft, as for 
instance in theaters. The diffusion characteristic may 
be different there. 

The striking effect of air space has a sound physical 
explanation. As has been seen already the intensity of 
odor perceived by the sense of smell varies with the 
log. of the concentration. The concentration itself varies 
inversely with the air space; therefore, the odor intensity 
and ventilation requirement should vary inversely with 
the log. of air space, assuming uniform diffusion of the 
odoriferous matter. Theoretically, doubling the air space 
is equivalent to doubling the air supply, as in both in- 
stances the concentration of odor should be reduced 
to half. Actually this is not quite the case, as can be 
seen in Figs. 4 or 5, owing presumably to imperfect 
diffusion of odors and of the air supplied to the room. 
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Fig. 6—Influence of air space on odor intensity. 
subjects 
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Fig. 7—Chart for computing ventilation requirements of 
grade school children from the standpoint of body odor. 
Example in the use of chart shown in Fig. 5 
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Fig. 8—Odor removing capacity of various air conditioning 
processes. Net air space per occupant, 200 cu ft 


Absorption of odors by walls, furniture, etc. may be other 
factors. 
(b) Observations with children of average class. 
Fig. 6 shows a similar picture with children as sub- 
jects. Comparison with Fig. 5 will reveal again higher 
odor intensities and air requirements in children than 
in adults in all 3 series of experiments. The ventilation 
requirements for children corresponding to the allow- 
able odor intensity of 2 are 
12 cim per child with 470 cu ft air space 
oe re 
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as compared with 7, 16, and 25 cfm respectively ior 

adults. Values for intermediate air spaces may be com- 

puted from Fig. 7. 

The Influence of Air Conditioning Processes on Odor 
Intensity and Ventilation Requirements 

The usual methods of washing, humidifying or cool- 
ing recirculated air were found to remove a considerable 
amount of odor, thus making it possible to reduce the 
outdoor air supply. Three different arrangements were 
studied, as follows: 

(a) mixture of outdoor and recirculated air passed through 
a conventional spray-type dehumidifier for cooling and dehumidi- 
fying the air of the experimental room in warm weather. 

(b) mixture passed through a centrifugal humidifier, for 
humidifying the air in cold weather. 

(c) mixture passed over a surface cooler through which cold 
water between 35 and 50 deg was circulated. The cooler used 
in these experiments was capable of lowering the temperature 
of the air passing over it (210 cfm) through a maximum of 
about 10 deg. 

All 3 series of observations were carried out with 7 
subjects in the experimental room (200 cu ft air space 
per person) and with a total air circulation of 210 cfm, 
or 30 cfm per person. The temperature range of the 
cold spray water and of the water circulated through 
the cooler was between 35 and 50 deg in different ex- 
periments. In the case of the centrifugal humidifier the 
range was 40-55 deg. In order to make the conditions 
uniform, the spray water was changed before each test 
and the water tanks of the apparatus cleaned out period- 
ically. 

Fig. 8 shows the results. The top curve is again 
reproduced from Fig. 2 for comparison with the results 
of simple ventilation, that is with sprays and surface 
cooler off. The surface cooler absorbed the least amount 
of odor and the dehumidifier the most. The absorption 
by the centrifugal humidifier was but only slightly greater 
than that of the surface cooler. In all instances the 
surface of the cooler was wet with condensation which 
dripped to the humidifier tank below and overflowed 
to the sewer. 

The outdoor air requirement was correspondingly re- 
duced from 16 cfm per person with simple ventilation to 
about 13 cfm per person when the mixture -of outdoor 
and recirculated air was passed through the centrifugal 
humidifier or over the surface cooler, and to less than 
4 cfm per person when the mixture was passed through 
the spray dehumidifier. In the last instance the odor in- 
tensity appears to be almost independent of the outdoor 
air supply. The performance of the dehumidifier may 
be more appreciated by calling attention to the fact that 
the odor intensity cannot be lowered much below 1.5 
when the total air circulation is limited to 30 cfm per 
person, even with a cleaner efficiency of 100 per cent 
(see Fig. 8). A possibility of olfactory delusion, rather 
than true odor absorption, cannot be entirely discounted. 

While the results obtained with the surface cooler 
and centrifugal humidifier will probably be realized in 
actual practice under similar operating conditions, the 
striking performance of the dehumidifier may be more 
or less limited by the following factors. The rated 
capacity of the dehumidifier spray system was about 15 
gals per minute per 1000 cu ft of air circulated, but 
under the conditions of the experiments (210 cfm) the 












































actual pumping rate corresponded in most instances 
to about 70 gpm per 1000 cu ft of air circulated. The 
unusually large pumping rate is probably not an im- 
portant factor, as in a few tests in which the rate was 
reduced to the nominal 15 gpm per 1000 cu ft of air, 
the odor intensity was substantially identical with that 
of the higher rate. Undoubtedly there is a critical pump- 
ing rate, but the data are not sufficient at present to 
warrant a definite statement. 

More important appears to be the cleanliness of the 
spray water, and water-storage capacity of the dehumidi- 
fier tank. In most of the experiments under considera- 
tion cold water was pumped to the sprays from a sepa- 
rate brine water-cooler having a storage capacity of 
310 gal. The capacity of the dehumidifier tank itself 
was 10 gal. Another pump returned warm water from 
the dehumidifier tank to the brine water cooler. It is 
evident that the odor absorbed by the spray water was 
greatly diluted, owing to the unusually large water ca- 
pacity of the brine cooler, and this presumably increased 
the odor removing capacity of the dehumidifier. The 
situation may be analagous in the case of large installa- 
tions in which the spray water is cooled in a separate 
Baudelot cooler having a large storage capacity. Other 
factors at work appear to be the degree of flushing of 
the eliminator plates and the temperature of the spray 
water itself. 

The importance of clean fresh water may be appre- 
ciated by the results of an experiment using old water 
from a previous test, after standing in the brine cooler 
and dehumidifier tank for 8 days. The outdoor air sup- 
ply was 12.7 cfm per person, and the average odor in- 
tensity rose to 2.10, instead of 1.55 according to Fig. 8. 
This was the highest odor intensity ever recorded in 
any of our experiments with the spray dehumidifier. A 
few subjects in the room were conscious of a musty 
odor in the air even after remaining in the room 3% 
hours. 


Socio-Economic Factors, Baths, Odor Intensity, and 
Ventilation Requirements 


The observations in Figs. 2 to 8 deal with groups of 
individuals of average or balanced socio-economic status 
and habits of personal hygiene. In a special series of 
experiments an attempt was made to study maximum 
variations from the average by using a limited number 
of subjects of the poorest and best class. With adult 
subjects the two extremes were represented by laborers 
(janitors and street workers), and medical students. In 
the case of school children the principal and nurse of 
a nearby school selected two groups, and we ourselves 
selected a third one from a different district, a group of 
children given daily baths and the best of care. 

The results of these experiments are presented in 
Table 3. It will be noted that with equal ventilation 
rates, the laborers gave off considerably more odor than 
the medical students, and the ventilation requirements 
should therefore be greater. The computed air flow 
necessary to reduce the odor intensity to the allowable 
limit of 2 is 23 cfm per laborer and 15.5 cfm per med- 
ical student, an excess of about 50 percent. The air 
requirement of the medical students appears to be but 
slightly less than that of the whole group of sedentary 
adult subjects (See Fig. 2) probably because the ma- 
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Table 3—Socio-Economic Status, Baths, Odor Intensity, and 
Ventilation Requirements 


Experiments with Simple Ventilation 
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Table 4—Baths, Odor Intensity and Ventilation Requirements 
Experiments with Simple Ventilation 








Arr SPACE PER PERSON 200 CU FI 





e 
| OUTDOOR | COMPUTED 
AIR VENTILATION 
Type or SuBJECT | Suppiy AVERAGE | REQUIREMENT 
| CFM PER | Opor | CFM PER 
PERSON | INTENSITY | PERSON 
Grade school children 
0.5 days after bath and complete 
change of clothing. . 14.2 2.26 18 
6.5 days after bath. . 14.3 2.90 20 
Medical Students | 
1.2 days after bath and change of 
underwear....... 14.5 2.11 16 
7 .O days after bath. . ’ 16.6 2.18 | 20 











jority of the subjects were medical students. 

The probable ventilation requirements were computed 
in the following manner: If the three lines in Figs. 4 
and 6 are extended to zero odor intensity, they would 
all meet approximately on the horizontal scale at about 
150 cfm. If now the experimental data of Table 3 are 
plotted on a chart similar to Figs. 4 or 6, a line joining 
each of the given points with the common point at 150 
cfm would represent the probable relationship under 
the given conditions. The intersections of these lines 
with a horizontal line passing through the allowable 
odor intensity of 2 would then give the probable ven- 
tilation requirements under the various conditions. 

In a similar manner the requirements of school chil- 
dren were found to vary from 18 to 38 cfm per child, 
according to socio-economic status, and this reflected ob- 
jectively upon the bathing habits of individuals as can 
be seen in the last column of Table 3. To make sure 
about this point a group of children of average class 
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Fig. 9—Effect of baths on ventilation requirements. Require- 
ments based on an allowable odor intensity of 2 


and a group of medical students were tested separately, 
within about a day after a bath and complete change 
of underwear, and a week later, with no baths or change 
of underwear in between. The data are summarized 
in Table 4. 

To begin with, the ventilation requirement of the 
children was about 10 per cent in excess of the medical 
students, but after about a week the difference increased 
to 50 per cent approximately, owing presumably to the 
greater liability of children’s clothing becoming soiled, 
and probably to other factors. 

The significance of baths to ventilation requirements 
may be better appreciated by plotting the data of Tables 
3 and 4 on a chart as in Fig. 9. The last two cases at 
the bottom of Table 3 have been* omitted, as the air 
space differed from the others. The outstanding point 
in Fig. 9 is that, once the minimum ventilation require- 
ments are fixed for any given conditions, the problem 
of body-odor control resolves itself to personal factors 
of hygiene and sanitation. Unfortunately the ventilat- 
ing engineer has no control upon these factors; as a 
rule he has to accept the conditions as he finds them 
and design his system accordingly. 

Another important point in Fig. 9 is that the prover- 
bial weekly bath is not at all adequate from the ven- 
tilation standpoint, particularly in the case of school- 
children. Two baths a week would help a great deal 
in solving the schoolroom odor problem. Unfortunately, 
there are homes of poor families with no bathing facili- 
ties at all. In a group of seven children of the poorest 
class, 3 frankly volunteered the information that they 
had to go to a club for their bath once every two weeks 
or so. 

A worthwhile experiment from the standpoint of both 
economy and education would be to have grade schools 
in the poorer districts provided with baths and in this 
way treat the real cause with, perhaps, less expendi- 
ture of money, than would be the case with costly ven- 
tilation, which after all is temporarily corrective, not 
preventive. The mothers would then have more time 
to attend to the laundry of the children’s clothing. 


Air Quality in Relation to Air Supply and Odor 
Intensity 


In discussing subjective impressions of air quality 
from the standpoint of air supply, two different view- 
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points must be taken into consideration (a) that of the 
visitor upon entering a room from clean air and (/)) 
that of the occupant after having become adapted to the 
conditions of the room. This suggests two ventilation 
standards both of which are valuable, the choice <‘le- 
pending upon the nature of the ventilation problem. 

In the present study the primary impressions of air 
quality were those of the judges; the secondary those of 
the subjects after exposures of 3% hours to the air con- 
ditions under investigation. The primary or judges’ im- 
pressions of air quality depended largely on odor in- 
tensity when both temperature and humidity conditions 
in the rooms were suitable. 

The quality scale had five grades ; excellent, good, fair 
ffoor, and bad, and also a provision for a negative answer 
such as cannot tell. Air with an odor intensity of 1 was 
invariably qualified as good or good minus, odor inten- 
sity 2 corresponded to fair or fair to good, 2.5 was poor 
to fair, 3 bad, and 4 very bad. The correspondence was 
so close that it was found unnecessary to question the 
judges about air quality. Figs. 2 to 8 may therefore be 
utilized for illustrating approximately the relationship 
between primary impressions of air quality and outdoor 
air supply, by substituting impressions of air quality for 
odor intensity on the vertical scale. 

The subjects, on the other hand, could not, as a rule 
detect the odor, except when there were 14 of them in 
the room. Even then however only about a third re- 
marked about odors and the majority in this third were 
not at all certain whether it was body odor or odors of 
some other kind. The subjects’ criterion of good air was 
a freshness complex perceived by the nose. The most 
popular reasons for poor air quality, under comfortable 
conditions of temperature and humidity, were variously 
described as stuffiness, closeness, heaviness, lack of fresh- 
ness, etc. 

Upon entering the room at the beginning of the tests 
the subjects generally agreed that the quality was good 
cr excellent. The next record near the middle of the 
test showed a depreciation of quality, and the third rec- 
ord at the end of the test showed but minor changes from 
the second. Most of the observations on air quality came 
irom college and medical students, an intelligent group 
of persons capable of analyzing their feelings and voting 
quite concordantly. Observations from other groups 
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Fig. 10—Air quality in relation to outdoor air supply under 
various conditions. Impressions of occupants (subjects) 
after exposures of 344 hours to the specified conditions 
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Table 5—Air Quality, Outdoor Air Supply, and Odor Intensity 
Impressions of subjects After Exposure of 3% hours to comfortable conditions of 


temperature and humidity 
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quality appears to be practically indepen- 
dent of air supply, in so far as the occu- 
pants are concerned, when the period of 






























































Arr Quatity occupancy does not exceed 3% hours. An 
UTDOOR | Mf - . 
Aim | MEAN Air Tora. Human ep Gyagusss Rassasms outdoor air supply of 7 cim per persons 
SurrLy | SUPPLY — NUMBER - ” ain og was ample from the standpoint of both 
CFM PER CFM PER DOR OF “XCELLENT OOD AIR OOR AD IR s . + . >: 
PERSON Person | INTENSITY*| SUBJECTS (5) (4) (3) (2) (1) QUALITY subjects (Fig. 10) and judges (i ig. 4). 
cena The same was more or less true when the 
Cane eeaion tate, Str epene gar Senet Se an & air was cooled and dehumidified by pass- 
Under 3 2.5 3.75 7 1 3 3 1.7 ing through the dehumidifier as shown in 
3-5 3.7 3.21 25 1} 18 5 1 2.8 Figs. 10 and 8. 
5-7 5.7 3.08 33 3 | 22 8 2.9 a : 7 ea ee 
230 87 2 91 14 cs 5 8 " 33 lables 6 gives additional observations 
10-15 13.9 2.20 42 1 29 | 12 3.7 of air quality, those recorded by the 
15-17 15.8 2.02 27 4 16 7 3.9 hears : a . ~ 
ag > 1 > 
aces ai v~ ~~ mo a attendant or teacher in the ch Idren s 
38.7 38.7 1.25 6 6 4.0 experiments. These data are necessarily 
— ER ag ee eee limited because each test yielded a single 
imple Ventilation tests. ir space per person 470 cu ft . r 
' observation only, that of the attendant or 
7-9 8.1 2.00 6 4 2 3.7 teacher. In experiments with 3 children, 
13-16 14.6 1.55 9 6 3 3.9 ee . ai : 
coe <2 _~ . Ps : y- observ ations of air quality had to be 
e Eat Sark GRA Uae omitted as the children were unattended. 
. . . ' . . , 
Simple Ventilation tests. Air space per person “ ft To check this apparent close corres- 
| . . . 
61 6.1 3.37 14 | gg] 8 ° 21 pondence between primary impressions of 
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a 2). ian , ee | $6 of air quality we plotted the values of 
| | | these two variables, appearing in Tables 
Experiments with spray dehumidifier. Air space per person 200 cu ft 5 and 6, against one another, as shown 
_ | | | | in Fig. 11. It can be seen that the factors 
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31.2 31 2 1.51. 7 : : 2 | re pertaining to individual differences an 1 te 
| air conditioning processes, almost disap- 











*Impressions of judges upon entering room from relatively clean 


were on the whole less consistent, except under extreme 
conditions. They could tell definitely when the air was 
good or poor but as a rule they could not discriminate 
intermediate grades. Sometimes the answers were nega- 
tive, such as cannot tell. 

The quality of air in the control room was always 
good or excellent (excepting tests in which the tempera- 
ture was too high or too low), and there was no depre- 
ciation of quality throughout the period of the tests. This 
is to be expected with a constant outdoor air supply of 
50 cim per person in all experiments. 

In the classification of the data shown in Table 5, all 
observations in which the subjects were warm or cold 
have been excluded, in order to restrict the relationship, 
as much as possible, to factors pertaining to air quality 
and outdoor air supply. The results are shown graphi- 
cally in Fig. 10 which was constructed by evaluating 
grades of air quality in terms of numbers. 

It will be observed that with simple ventilation and 
with 200 cu ft air space per person, the air quality was 
poor to bad when the air supply was under 3 cfm per 
person, improving rapidly as the air supply increased to 
15 cfm. Beyond this point further increases in the ven- 
tilation rate had little or no effect on air quality, from 
the standpoint of the occupants, and it will be recalled 
that from the standpoint of the judges the odor was not 
objectionable with airflows in excess of 16 cfm (Fig. 2). 
The general trend is similar when the air space is re- 
duced to 100 cu ft per person, but the air quality is in- 
ferior throughout, a situation which is consistent with 
the higher odor intensity reported by the judges (Fig. 4). 
With an air space of 470 cu ft, on the other hand, air 


air of threshold odor intensity. 


Winslow, C.-E. A., and Palmer, G. 
chemical constituents of the air 
Med., vol. 12, p. 141 (1914-15). 


pear from the picture, indicating that an 
underlying factor in air quality, when 
both temperature and humidity are con- 
trolled, is the odoriferous organic matter given off by 
the human body. This is in spite of the fact that the 


subjects themselves could not smell the odor. Air flow, 
air space, air conditioning processes, and personal sani- 


tation, are apparently secondary factors affecting the 


concentration of the odoriferous matter. 


In the Study of the N. Y. State Commission on Ven- 


tilation, Winslow and Palmer’® arrived at a somewhat 
analogous conclusion from an entirely different angle. 
Quoting from their original report,—“these experiments 


seem to warrant the conclusion that there are substances 


wal 


Effect upon appetite of the 
in occupied rooms y 7 


Proc. Soc. Biol. & 


Table 6—Air Quality, Outdoor Air Supply, and Odor Intensity 


Impressions of attendant or teacher in children’s experiments 


after exposures of 3% hours 
Observations with Simple Ventilation 














OvuTDOOR 
AIR 
SUPPLY MEAN AIR 
CFM PER SUPPLY CFM MEAN OpoR NUMBER OF MEAN AIR 
PERSON PER PERSON INTENSITY OBSERVATIONS QUALITY 
Air space per child 200 cu ft 
Under 6 4.8 3.67 2 2.5 (Poor to fair) 
10-15 13.0 2.48 5 3.4 (Fair to good) 
19-23 21.1 1.91 4 3.8 (Good) 
30 30.0 1.65 2 4.0 (Good) 
Air space per child 100 cu ft 
15.7 15.7 2.80 1 3.0 (Pair) 
21.8 21.8 2.34 1 3.5 (Pair to good) 
31.5 31.5 1.90 1 4.0 (Good) 























74 ee 


in the air of an unventilated occupied room (even when 
temperature and humidity are controlled) which in some 
way and without producing conscious discomfort or de- 
tectable physiological symptoms diminish the appetite 
for food. The observed beneficial effects of fresh air may 
to some extent be connected with this phenomenon.” 


Carbon Dioxide in Relation to Outdoor Air Supply 
and Odor Intensity 


Since the time of Max von Pettenkofer, about 75 
years ago, the carbon dioxide content of air in occupied 
rooms has been widely used as a measure of fresh air 
supply and a convenient yardstick for the degree of air 
vitiation by products of organic decomposition from the 
human body. The value of this index in ventilation work 
has often been questioned by many workers, and recently 
by Houghten™ who showed that changes in the moisture 
content of air in occupied rooms constitute a more reli- 
able and convenient index of air supply than CO, itself. 
Houghten did not, however, measure the actual CO, 
content of air in his experiments but he computed it from 
approximate metabolic relationships. 

In the present study the actual CO, in the air was de- 
termined in most experiments near the end of the tests, 
at different stations inside the experimental room or in 
the exhaust leading to the corridor. The relationship 
between CO, and outdoor air supply is given in Fig. 12. 
The curve was drawn from the well known formula 


100 


Cfm per person = —————— 
CO: — 3.5 


where 3.5 is approximately the average value of CO, in 
parts per 10,000 as found in the air entering the appara- 
tus before mixing with recirculated air. 

Although the theoretical curve roughly averages the 
experimental points, great discrepancies occur in the 
steep portion of the curve which happens to be the prac- 
tical range used in ventilation work. For example, a 
CO, of about 9 parts per 10,000 may mean an actual 
ventilation rate between 15 and 30 cfm per person, or a 
maximum error of 100 per cent, depending largely upon 
the amount of CO, given off by the particular group of 
occupants in the room. The curve is so steep for venti- 
lation rates above 10 cfm, that even small individual vari- 
ations in CO, output correspond to large variations in 
the air supply. The usual errors in determining CO, 
add to the discrepancies. 

For airflows under 10 cfm per person, the discrepancy 
is not so great, but the computed airflow from the equa- 
tion is almost always higher than the actual airflow, 
owing presumably to absorption of CO, by the walls, 
furniture, clothing, etc., when the concentration is high. 

As an index of body odor CO, appears to be still 
worse, as can be gathered from the dispersion of the ex- 
perimental points in Fig. 13. The reasons are quite ob- 
vious. Suppose, for instance, that a person takes no 
bath for a week or two, the odor intensity would be con- 
siderably increased (see Fig. 9) but the CO, output 
would barely be affected. Children, for example, in 
spite of their low CO, excretion give off more odor than 
the adults (Fig. 13) owing largely to differences in 
bathing habits and cleanliness of clothing, as has been 
related. On the other hand, when recirculated air is 
passed through an airwasher, the water removes a con- 


nHoughten, F. C., and Blackshaw. J. L.: Indices of Air Change and 
Air Distribution. A. S. H. V. E. Transactions, Vol. 39, 1933. 
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siderable portion of the odoriferous matter without af- 
fecting much the concentration of CO, (Fig. 13.) 

In the light of these and other similar data by the New 
York State Commission on Ventilation, and others, it is 
evident that a great deal of unjustified effort would be 
saved by discontinuing the usual measurements of CO, 
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Fig. 11—Relationship between primary impressions (judges’) 
of odor intensity and occupants’ impressions of air quality after 
exposures of 314 hours. Solid points represent observations of 
of adult subjects; hollow points are observations of attendant 
or teacher in children’s experiment. Legend shown in Fig. 12 
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Fig. 12—Carbon dioxide content of air in experimental room 
in relation to outdoor air supply 
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Fig. 13—Carbon dioxide content of air in experimental room 
in relation to odor intensity. For legend see Fig. 12 
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in ordinary ventilation work, except perhaps in instances 
in which the airflow is well under 10 cfm per person. 
Factors pertaining to air distribution can be studied 
much easier by variations of temperature and air move- 
ment from station to station than by variations of CO., 
as outlined in the AMERICAN HEATING SOCIETY OF 
HEATING AND VENTILATING ENGINEERS GUIDE (1935, 


p. 51). 
The A. S. H. V. E. and Other Earlier Standards 


In Table 7 are summarized the ventilation require- 
ments under various conditions as determined in the 
present study. The impossibility of fixing any single 
value that would apply under all conditions is evident. 
Each case would have to be considered on its own mer- 
its. The A. S. H. V. E. provisional standard of 10 cfm 
per person seems to be a more or less fair average value 
for adult persons where the air space per occupant is 
between 250 and 500 cu ft per occupant. It falls far 
too short in grade schools attended exclusively by chil- 
dren of poor districts, assuming that the results are 
representative, and somewhat too long when the air is 
cooled and dehumidified in a spray-type air conditioner. 

Likewise the results of the present study are not nec- 
essarily contradictory to those of the old masters (De 
Chaumont, Parkes, Billings, and others). The differ- 
ences in the requirements between then (50 to 30 cfm 
per pupil) and now (Table 7) are accountable by differ- 
ences in standards of personal sanitation, as Fig. 9 would 
seem to indicate. 

In the light of the present study, two sets of require- 
ments are suggested as shown in Table 2 to serve two 
different purposes. In buildings with transient occu- 
pants, such as theaters, banks, restaurants, and the like, 
where the primary impression of the patrons upon en- 
tering is of considerable importance, the higher require- 
ments would be better suited in spite of the higher cost. 
On the other hand, in homes, offices, schools, etc., the 
lower or secondary requirements may be more desirable 
from the economic standpoint. Lacking values in Table 
7 will be completed soon and weak data will be strength- 
ened and revised in accordance with additional work. 
The important omission of information on winter air 
conditioning will also be attended to. 

It should be clearly understood that the requirements 
in Table 7 are average values determined by averaging 
impressions of a large group of persons. Individual vari- 
ations will naturally occur; there will always be a few 
persons who would prefer somewhat higher standards as 
well as a few others who would be content with lower 
standards. 

Given the specifications of minimum outdoor air re- 
quirements under various conditions, the problem would 
then resolve to recirculating a sufficient amount of air 
when needed in order to maintain proper temperature, 
humidity, and air movement. Temperature, in fact, is 
one of the most important factors in air quality and un- 
less it is controlled the quality will suffer badly no mat- 
ter what the outdoor air supply, particularly when the 
air is overheated. 

Summary 


1. The outdoor air requirements for ventilation under 
comfortable condition of temperature and humidity have 
been determined from primary impressions of odor in- 
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Table 7—Summary of Minimum Outdoor Air Requirements for 
Ventilation Under Various Conditions 


(Provisional values subject to revision upon completion of work) 





REQUIREMENTS | REQUIREMENTS 
Arr SPACE BASED ON BASED ON 
Type oF OccUPANTS PER PERSON Primary! IMPRESSIONS OF 
CU FT IMPRESSIONS Occupants? 


CFM PER PERSON | CFM PER PERSON 








Heating season with of without recifculation. Air not conditioned. 
Sedentary adults of average 





socio-economic status.... 100 25 23 
ri 200 16 11 
" 300 12 
500 7 5 
SE nna tesatwesewe 200 23 





Grade school children of 























average class awe ; 100 29 ; 
+ 200 21 15 
300 17 
500 11 
Grade school children of poor 
ee scan piss ; 200 38 
Grade school children of bet- 
Ss cuabacecaskees 200 18 
Grade school children of best 
SAK cease beneée 100 22 








Heating season. Air humidified by means of centrifugal humidifier. 
Total air circulation 30 cfm per person. 


Sedentary Adults. ... ; 200 | 12 











Summer season. Air cooled and dehumidified by means of a spray 


dehumidifier. Total air circulation 30 cfm per person. 
| 
Sedentary Adults. ........ 200 4* 


| 





1 Impressions upon entering room from relatively clean air at threshold odor 
intensity. Allowable odor intensity = 2 (For scale, see Table 1). 

2 Corresponding to an air quality of fair to good. 

* Values provisionally restricted to the conditions of the tests. 


tensity upon entering occupied rooms and from impres- 
sions of the occupants themselves after exposures of 3% 
hours to the conditions investigated. 

2. Wide individual variation occurred in the amount 
of odor emitted by various groups of persons, according 
to socio-economic status, especially the bathing habits of 
individuals and cleanliness of clothing. Children, as a 
rule, gave off more odor than adults, and their bathing 
habits were deficient. 

3. Even healthy clean persons freshly after a bath 
gave off an appreciable amount of odor which required 
from 15 to 18 cfm of outdoor air per person in order to 
dilute it to a concentration that was not objectionable to 
persons entering the room from relatively clean air. A 
week after a bath the ventilation requirement of children 
increased from 18 to 29 cfm, as compared with an in- 
crease of from 15 to 20 in the case of adults. 

4. With a given group of occupants the intensity of 
body odor perceived upon entering a room from rela- 
tively clear air (air with threshold odor intensity) varied 
inversely with the logarithm of the quantity of outdoor 
air supplied and the logarithm of the air space allowed 
per person. 

5. Untreated recirculated air in any amount had no 
effect on odor intensity or quality of air. 

6. The usual processes of washing, humidifying, cool- 
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ing, and dehumidifying recirculated air apparently re- 
moved a considerable amount of body odor and, under 
certain conditions, practically the maximum amount pos- 
sible by the use of known processes. 

7. Under comfortable conditions of temperature and 
humidity, both primary and secondary impressions of air 
quality were found to be related closely to the concentra- 
tion of odor in the air, despite the fact that the occupants 
themselves could not smell the odor. 

8. Based upon these impressions, two sets of ventila- 
tion requirements were derived for various groups of 
individuals under various conditions as summarized in 
Table 7. The impossibility of fixing any single standard 
that would apply under all conditions is clearly evident. 
Each case, it would seem, must be considered on its own 
merits. 

9. The concentration of CO, in the air of occupied 
rooms proved to be an unreliable index of ventilation, 
from the standpoint of both outdoor air supply and odor 
intensity. 
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The A.S.H.V.E. Guide 1936 


Distribution of THe Guipe 1936 to members of the 
Society will commence January 25 and in this fourteenth 
edition they will find that a large amount of new and 
revised authoritative engineering data have been assem- 
bled from a variety of sources on the subjects of heat- 
ing, ventilating and air conditioning, increasing the con- 
tents of the Technical Data Section to 792 pages. The 
engineers and technicians who compiled this new volume 
have drawn upon the latest researches of the A. S. H. 
V. E. Laboratory and cooperating institutions with 
correlating design and application data based on the 
most recent engineering trends in this expanding in- 
dustry. The Problems in Practice introduced last year 
have been continued for each chapter with new and prac- 
tical examples to amplify the text material. 

Four new chapters have been added to THE GUIDE 
1936 to fulfill the requests for more detailed information 
on the subjects of Refrigeration, Drying, Electric Motors 
and Railway Air Conditioning. Included in the chap- 
ter on Refrigeration are descriptions of the various theo- 
retical and practical cycles with illustrated diagrams and 
complete thermodynamic tables of the most common 
refrigerants. Special consideration is also given to ab- 
sorption, adsorption, steam ejector and reverse cycle 
systems of refrigeration. The chapter on Railway Air 
Conditioning discusses the most recent trends in pas- 
senger car installations as related to ventilation, heating, 
cooling and control requirements. Dryer construction 
and design with operating methods and mechanisms of 
control are described in a new chapter. A new temper- 
ature and humidity chart which may be applied to all 
types of dryer calculations with a complete descriptive 
example is fully illustrated. Direct and alternating cur- 


rent motors and their controls which may be used in 
connection with various types of heating, ventilating and 
air conditioning apparatus are amply covered in the chap- 
ter on Motors. 

Another feature of THe Guipe 1936 is the new 
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table of Saturated Water Vapor extending over a range 
from minus 130 to plus 200 F with heat content valucs 
based on the varying values of specific heat for air. 
As a result of a comprehensive survey of cities in the 
United States and Canada, a table has been added giv- 
ing the maximum city water main temperatures for di- 
rect application to cooling apparatus. 

In addition to the new material which has been added, 
the previous chapters have been carefully checked and 
reviewed and in some cases the text has been completely 
rewritten so as to conform to more recent engineering 
practices. All of the information on unit heaters, ven- 
tilators, coolers and air conditioners has been correlated 





in one chapter with several additional sketches to illus- 
trate the units now available. System characteristics 
of fans with curves to illustrate the effects of speed or 
system changes on fan operation have been added. New 
illustrations of air supply grilles and openings are cov- 
ered in the revised chapter on Air Distribution. The 
information on stokers and oil burners has been ex- 
panded with new cuts to show typical units. A com- 
plete revision of the chapter on Heat and Fuel Utiliza- 
tion provides two methods for estimating the fuel con- 
sumption of the various types of buildings and for vari- 
ous types of fuels. The degree-day table for cities in 
the United States and Canada has been amplified so as 
to segregate the monthly values for each city. Swimming 
pools, hot water heaters and a revised method of pro- 
portioning pipe sizes for domestic cold and hot water 
systems are given. 

The 260 pages of Catalog Data include descripti 
matter on the products of 181 leading manufacturers ai 
are a valuable adjunct to the Technical Data Section. 
This new volume of 1,092 pages is bound in an at- 
tractive blue flexible cover stamped in gold foil. 
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NOMINATIONS FOR 1936 








The Nominating Committee appointed to select can- 
didates for Officers of the Society for the coming year, 
1936, submits the following list of nominees: 


For President: 
G. L. Larson, Madison, Wis. 


For First Vice-President: 
D. S. Boypen, Boston, Mass. 


For Second Vice-President: 
E. H. Gurney, Toronto, Ont., Can. 


For Treasurer: 
A. J. Orrner, New York, N. Y. 


For Members of the Council: 
Three-Year Term 


R. C. Botsincer, Norristown, Pa. 
S. H. Downs, Kalamazoo, Mich. 

W. L. FieisHer, New York, N. Y. 
C. M. Humpureys, Pittsburgh, Pa. 


Respectfully submitted, 
NOMINATING COMMITTEE, 


E. A. Jones, Chairman; 
R, J. Tenxonony, Secretary. 


In accordance with the provisions of the Amended 
Constitution, as given, ballots containing the names of 
the above candidates will soon be sent to the membership 
for voting upon prior to the Annual Meeting in January. 


Art. B-VIII—Section 10. The Nominating Committee shall 
consist of one (1) member eligible to vote designated by each 
Chapter, or his alternate also appointed by the Chapter. The 
Secretary of each Chapter shall certify to the Secretary of the 
Society on or before January first the names of the member 
and alternate selected. 


The Committee shall meet at the Annual Meeting of the So- 
ciety at the call of the Secretary of the Society and shall effect 
its own organization and elect its own Chairman. At the Semi- 
Annual Meeting of the Society, if possible, the Nominating 
Committee shall select the nominees for the ensuing year for 
the offices of President, First Vice-President, Second Vice- 
President, Treasurer, and four (4) members of the Council. 
In any event the names of the nominees shall be certified to the 
Secretary of the Society before September twentieth, with the 
written consent of each nominee to fill the office for which he 
has been selected and their names with the offices to which they 
have been nominated shall be published in the October issue 
of the JournaAL. 


B-IX—Section 2. The Secretary shall prepare ballots 
with the names of all candidates and forward them to the mem- 
bers, eligible to vote, at least thirty (30) days before the date 
of : ¢ Annual Meeting. 


Nominations for Members of Committee 
on Research 


Although committees of the Society are usually ap- 
pointed, in view of the great importance of the Com- 
mittee on Research and the financial responsibility it 
would be called upon to assume, it has been made more 
representative of the entire membership of the Society 
by a process of election. The election is governed by 
the By-Laws for the election of officers, with the single 
exception that Members of the Committee on Research 
are nominated by the Council instead of by a Nominat- 
ing Committee. 

In accordance with the Regulations for the Govern- 
ment of the Research Laboratory, adopted at the Jan- 
uary, 1919, Meeting, and amended January, 1933, the 
Council announces the nomination of the following mem- 
bers of the Committee for election to succeed those 
members whose present terms expire January, 1936: 


Three-Y ear Term 


W. A. Dantetson, Washington, D. C. 
C. E. Lewis, Dayton, Ohio. 

D. W. Netson, Madison, Wis. 

CyriLt TASKER, Toronto, Ont., Can. 
C.-E. A. Winstow, New Haven, Conn. 


The regulations governing the nomination and elec- 
tion of members of the Committee on Research are as 
follows : 


ArTICLE II —OrGANIZATION 


Section 1. Committee on Research—There shall be a stand- 
ing committee known as the Committee on Research, consisting 
of fifteen (15) members each serving for three (3) years and 
five (5) retiring each year. The outgoing Chairman if serving 
in that capacity during the last year of his three (3) year term 
on the Committee shall without election become an additional 
member of the Committee on Research for one (1) year. 

(a) The Council shall nominate previous to July first of 
each year five (5) members to fill the vacancies of those 
retiring at the next Annual Meeting. 


(b) The nominations made by the Council shall be pub- 
lished in the October issue of the Society’s JoURNAL. 

(c) Any ten (10) members of the Society eligible to vote 
may present to the Secretary over their signatures, the name 
of one (1) or more additional nominees for the Committee 
on Research, provided such name or names are presented at 
least sixty (60) days prior to the next Annual Meeting, and 
such additional nominations shall be placed on the ballot op- 
posite the nominations made by the Council. 

(d) The election shall otherwise conform to the regulations 
provided for the election of officers of the Society in the Con- 
stitution, By-Laws and Rules. 

(e) Vacancies may be filled by the Council, such persons 
chosen by the Council to serve until a successor is elected 
at the next Annual Meeting. 
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42nd Annual Meeting 
in Chicago 


Palmer House 


January 27—30 


VIDENCE that is accumulating indicates a record attend- 
ance for the Society’s 42nd Annual Meeting when it is 
called to order by Pres. John Howatt at the Palmer House, 
Chicago, January 27, at 10 a 
The Committee on Arrangements of Illinois Chapter headed 
J. H. Milliken has worked energetically to provide appro- 
priate entertainment for visiting members and guests. A tech- 
nical program of unusual interest has been arranged by the 
Program Committee, of which Albert Buenger is chairman, 
Members who go to Chicago should make hotel reservations 
at the Palmer House on the special cards mailed to them and 
should present Identification Certificates furnished through the 
Headquarters office to local ticket agents in order to purchase 
round trip tickets at the reduced rate of fare and one-third. 
These Identification Certificates may be used from all parts of 
the United States and Canada. Members should inquire of 
local passenger agents for dates of sale of tickets. Tickets are 
good for 30 days and may be used on one specified route to 
Chicago on the going trip and another specified route returning 
if this plan is requested at the time of purchasing ticket. All 
return coupons must have a validation stamp which can be made 







Meeting headquarters—the Palmer House 


at any railway ticket office in Chicago and at the ticket agent's 
office in the Palmer House lobby. 

Members should register, receive programs and purchase tickets 
for the various functions, such as the House Warming Party 
Tuesday night and the banquet and dance Wednesday evening. 
Tickets for these social functions can also be obtained at the 
Society’s information booth No. 8 at the Exposition in the 
International Amphitheater. 

The week of January 27 will be a Big Week 
everyone engaged in the heating, ventilating, air conditioning 
and refrigerating fields. 
and information about exhibits and exhibitors see the special 
tinted stock section in this issue. 


in Chicago for 


For complete details of the program 


J. H. Milliken is General Chairman of the Committee on 
Arrangements of the Illinois Chapter, and J. J. Hayes is Vice 
Chairman. 
functions are: 

Reception, J. R. Vernon; 
Banquet, J. 
Tom Brown; Finance, 


Chairmen of the committees in charge of the various 


Transportation, Byron L. Casey; 
Fleming ; Ladies, Carl F. 
Elmer W. Rietz; 


Hayden; Entertainment, 
Publicity, C. E. Price. 





3—That no registration fee or compulsory obligations of any 


with the various matters being handled by them. 


Adopted at Council Meeting, January 29, 1926. 





Method of Choosing Location of, Financing and Conducting Meetings of the Society 


Resolved: That inasmuch as the Annual and Semi-Annual Meetings of the Society come under the jurisdiction of the 
Council, the following rules governing the handling of such meetings be adopted by the Council and published in the 
JouRNAL of the Society at least twice during every year, preferably just prior to each meeting: 

1—The Council will select the city in which the Annual or Semi-Annual Meeting is to be held, giving due consideration to the invi 
tations received from Chapters or members as well as to the advisability of so distributing those meetings as to make them of the greatest 
advantage to the general membership, and to reduce as far as possible the expense of members attending. 

2—That an appropriation be made to cover the entertainment or local expenses, incurred in connection with the meeting not exceeding 

$500.00, the regular meeting expense to be taken care of by the General Fund of the Society in the regular way. 
nature be imposed on members or guests. 

4—That the purchase of tickets for banquets or for any other form of entertainment that may be provided be entirely voluntary. 

5—That the grouping of features and the sale of tickets for group features be discouraged. 

6—That the raising of funds from manufacturers of heating apparatus be discouraged. 

7—That the display of samples, or of literature, advertising the product of any manufacturer in any way, shape or form, be not 
= at the booths, registration desk, or in or about the meetings. 

-That the distribution of trade papers be entirely at the discretion of the committee in charge. 

9 ‘That the local Chapter or local members, be empowered to form a General Committee with such sub-committees as may be required 
to handle the details of transportation, hotel accommodations, entertainment, finance, etc., and that this General Committee be requested 
to confer trequently with the Council, through the Secretary of the Society, and to make frequent reports on progress in connection 


10—That the arrangements of elaborate and costly entertainment features be discouraged. 
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New Firm of Buensod-Stacey 


Announcement was made on December 13 of the incorpora- 
tion of the Buensod-Stacey Air Conditioning, Inc., with head- 
quarters in the Lincoln Building, 60 East 42nd St., New 
York, N. Y. 

This new corporation will operate as a personal service or- 
ganization in the air conditioning contracting field. The per- 
sonnel of this organization has had many years’ experience in 
every air conditioning application through their former con- 
nection with Carrier Engineering Corporation: 

Alfred E. Stacey, Jr., pioneer research engineer and asso- 
ciated with Willis H. Carrier for over 25 years. The researches 
of Mr. Stacey cover the application of air conditioning to the 
manufacture of textiles, ceramic drying and over 200 other in- 
dustrial processes; also the application of air conditioning for 
comfort. 

M. S. Smith, for many years the purchasing agent and pro- 
duction manager, and of late years the treasurer. 

A. C, Buensod, specialist in the application of air conditioning 
to the tobacco industry; also pioneer in the development of air 
conditioning for theatres, motion picture film and sound stage 
production. 

R, O. McGary, assistant tobacco specialist and air condition- 
ing engineer. 

H. W. Marshall, formerly chief engineer of the Oriental Car- 
rier Engineering Co., Limited, of Japan, and recently chief en- 
gineer of the New York District Office. 

J. C. Rose, designing engineer for various air conditioning 
applications and specializing in theatre work. 

W. O. Hoffman, designing engineer for various air condition- 
ing applications and specializing in adjustment of systems—in- 
cluded among these were Radio City Theatres and National 
Broadcasting Studios. 

S. E, Lyman, air conditioning engineer with 18 years’ ex- 
perience in all types of intricate air conditioning applications 
which include processing, drying and comfort work. 

John Wislotski, construction engineer with 15 years expe- 
rience in the installation of air conditioning equipment. 

This group of engineers propose to specialize in those indus- 
tries in which they have had long experience and also engage 
in the application and development of air conditioning for com- 
fort. The officers of the corporation are: A. C. Buensod, 
President; Alfred E. Stacey, Jr., Vice-president; M. S. Smith, 
Treasurer; H. W. Marshall, Secretary. 


Death of Konrad Meier 


Word of the death of Konrad Meier of Winterthur, Switz: 
land, on November 27, 1935, has recently been received and 
the profession will feel the loss of one of its leading consul: - 
ing engineers. Mr. Meier died unexpectedly of heart trouble 
and his body was cremated on November 29. He is survived 
by two sisters as well as several nephews and nieces. Mr. 
Meier was internationally known through his work both in 
this country and abroad and many of his contributions to thie 
technical literature are to be found 
in the Society’s TRANSACTIONS and 
in the proceedings of other engi- 
neering organizations. He also 
was the author of Mechanics of 
Heating and Ventilating. 

He was a native of Winterthur, 
Switzerland, where he was born on 
February 9, 1866. He received 
his education in the local schools 
and colleges. His long experience 
in the field of engineering began 
when he was engaged in general 
machine work with Sulzer Bros., 
Winterthur, from 1884 to 1886 and in the heating and gas de- 
partment of the same company from 1886 to 1889. He was 
associated with R. O. Meyer, Hamburg, Germany, as assistant 
engineer from 1889 to 1890 and with Mannot & Co., Paris, 





France, as engineer from 1890 to 1891. 

In 1891 Mr. Meier came to the United States and for two 
years he was connected with the Boston and Philadelphia offices 
of B. F. Sturtevant Co. 

For a number of years he was located in New York City as 
chief assistant to Alfred R. Wolff during 1894 to 1904 and 
then as a consulting engineer from 1904 to 1912. 

Returning to his home in Winterthur, Switzerland, Mr. 
Meier continued his activities as a consulting engineer until the 
time of his death. 

In 1916 Mr. Meier joined the AMERICAN Society or HeEat- 
ING AND VENTILATING ENGINEERS as a Member and he always 
kept in close contact with professional activities in this country, 
evidencing his great interest in heating and ventilating engi- 
neering. He was also a member of the American Society of 
Mechanical Engineers. 
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PRESIDENT’S MESSAGE TO MEMBERS | 


ANNUAL MEETING AND EXPOSITION 


During the last week of this month the interest of the Society will be centered on the activities in and about the 42nd 
Annual Meeting and the 4th International Heating and Ventilating Exposition. 

Attendance at this meeting will give each the opportunity of taking part in the technical sessions and discussing the 
reports and papers, meeting and conversing with others interested in the same things in which you are interested, en- | 
joying the entertainment provided for you and your ladies by the Illinois Chapter and visiting the Heating and Ven- 
Both the Meeting and the Exposition already give indications of being among the best in the his- 


The Annual Meeting has come to have an important place in our affairs not only because of its effects on our tech- 
nical and research programs, but also because of the opportunity it provides for personal contacts and the solidification 





Every member should plan on being in Chicago, if possible, during the last week in this month. It will be to vour 
advantage. The Illinois Chapter will give you royal welcome. 


AMERICAN Society OF HEATING AND VENTILATING ENGINEERS. 


etre — President, | 
| 





























Local Chapter Reports 








Cleveland 


November 11, 1935. Twenty-one members and guests attended 
the dinner and business meeting preceding the open meeting held 
at the Cleveland Club. 

The business meeting opened with the reading of the minutes 
of the previous meeting, which were accepted. 

Secy. Philip Cohen read a communication from headquarters 
office, advising that the Guide Publication Committee had ac- 
cepted the recommendations of the Cleveland Chapter Standards 
Committee that the design wet-bulb temperature for Cleveland 
be considered as 75 deg wet-bulb. 

Applications for membership in the local Chapter from the 
following men were announced: W. R. Beach, J. L. Foley, E. 
W. Gray, J. G. Harris, Hugh Lenane, F. K. Minor, W. M. 
Rowe and R. A. Wilson. All of these candidates were unani- 
mously voted into the Chapter. 

In accordance with the requirements of the Society’s Constitu- 
tion and By-Laws, L. T. Avery moved that M. F. Rather repre- 
sent the Cleveland Chapter on the National Nominating Commit- 
tee, with C. A, Eveleth as alternate. The motion was seconded 
by W. E. Stark and carried. 

In accordance with the regulations of the Council allowing 
an executive officer of local chapters to represent the chapter at 
the Annual Meeting, a motion was introduced by Mr. Avery 
that Treasurer H. M. Nobis be designated. The motion was sec- 
onded by F. R. Dickenson, and carried. 

The following amendment to the Chapter By-Laws was intro- 
duced for consideration at the next meeting: “A classification 
shall be set up for student members who shall enjoy all privi- 
leges as members, except they shall not vote nor hold office. Dues 
for student members shall be $1.00 per year payable in advance.” 

As required by the Constitution, the amendment was intro- 
duced by three members in good standing: J. A. Schurman, H. 
M. Nobis, and L. T. Avery. 

H. E. Wetzell of the Standards Committee, called attention of 
the members to the paper on Comfort Standards for Summer Air 
Conditioning, by F. C. Houghten and Carl Gutberlet, based on 
research at the Society’s Laboratory at Pittsburgh. 

J. A. Robinson of the Australian Gas Light Co., Sydney, Aus- 
tralia, a guest at the meeting, was introduced and spoke briefly. 

The business meeting was then adjourned. 

Seventy-five members and guests attended the open meeting at 
which the speaker was W. G. Frank, Assistant Chief Engineer, 
American Air Filter Co. His subject was Air Cleaning Methods 
and Devices. 

Mr, Frank gave a very interesting illustrated talk on types of 
dusts, their classification and méasurement by weight. He then 
discussed four common types of air filters, namely: viscous auto- 
matic filters, viscous manually cleaned filters, viscous renewable 
filters, and dry type filters. 

Mr. Frank outlined several well-known methods for determin- 
ing filter efficiency and pointed out that all of them have definite 
limitations. He then referred to test methods of the A.S.H.V.E. 
and the U. S. Bureau of Standards as more recent and indicative 
of true efficiency. He brought up the application of filters and 
quoted the specification issued August 1, 1935 by the Procurement 
Division, Public Works Branch, U, S. Treasury Department. 
These specifications list filters as follows: (1) For capacities 
above 20,000 cfm; viscous automatic filter; (2) For capacities 
less than 10,000 cfm; throw away type filter. Exception: 
court room supply; (3) For capacities from 10,000 to 20,000 
cim: dry type filters with replaceable media. Exceptions: 
(a) Where air is taken from near street level, use viscous 
automatic filters; (b) court room supply; (4) For supply to 
court rooms and judge’s chambers: dry type filters with perma- 


nent vacuum cleaned media. Exception: Where fresh air is taken 
near street level, use viscous automatic filters. 

Mr. Frank concluded his talk with a discussion of various fac- 
tors determining the selection of a filter for a specific applica- 
tion. 

Philip Cohen then gave a short talk on the Air Washer as an 
Air Cleaning Device. Mr. Cohen outlined briefly the various 
types of commercial washer designed especially for humidifying 
or dehumidifying service rather than for cleaning efficiency. He 
discussed the scrubber type air washer designed especially for 
cleaning efficiency. He pointed out that in contrast to air filters, 
the efficiency of the air washer as a cleaning device has been 
measured by results of the application rather than by dust count. 
Mr. Cohen concluded his talk with a description of a new devel 
opment in air washers; a combination of spray nozzles and 
bronze wool filter media. 

The next speaker was J. A. Schurman, who discussed the Use 
of Filters in Air Conditioning Installations. Mr. Schurman raised 
pertinent questions on the application of filters such as: Is it 
necessary to filter recirculated air as well as outside air make 
up?; Is it preferable to use separate filters for outside air ? ; Should 
a different type filter be used for recirculated air? Mr. Schur- 
man discussed these questions and then Mr. Frank offered addi- 
tional comments. 

Mr. Avery, Chairman of the Chapters’ Standards Committee, 
introduced a letter from the Committee proposing a standard for 
air cleaning in connection with an air conditioning system, which 
was submitted for the Chapter’s consideration. 

The meeting adjourned at 11:00 p. m. 


Illinois 

December 9, 1935. The meeting was called to order at 7:55 
p. m. by Pres. J. H. Milliken. He welcomed the air conditioning 
engineers who were guests of the evening and Mr. Hines, A.C.E. 
President, responded, President Milliken then welcomed the 
A.S.R.E. members to the meeting and Mr. Primm, the President, 
responded as did Mr. Seamon, Secretary. Tom Hart, instructor 
at the Chicago Technical College, whose class on air conditioning 
had been invited to the meeting, acknowledged an introduction by 
President Milliken. W. E. Stark of Cleveland, a member of the 
National Council of the A.S.H.V.E. was present and introduced 
to the meeting. 

R. E. Hattis moved that the reading of the last month’s minutes 
be dispensed with, which was seconded and carried. 

President Milliken then called upon Secy. L. S. Ries to outline, 
briefly, the items of significance in the Milwaukee Meeting and 
the Rump Meeting held on the train coming from Milwaukee to 
Chicago. 

J. J. Finan and E. T. Murphy, members of the national or- 
ganization, who had made application to the local chapter for 
membership, were welcomed into Illinois Chapter. 

Ten Limited Members, Messrs. Storch, Philippi, Kolwitz, 
Krogman, Sunderland, Gustafson, Kincaid, Crump, Burnam, Jr., 
and Anderson, were welcomed into the Chapter. 

At 8:15 p. m. President Milliken turned the meeting over to 
John Howatt, President of the A.S.H.V.E., for presentation of the 
paper, Comfort Standards for Summer Air Conditioning, by F. 
C. Houghten and Carl Gutberlet. President Howatt announced 
that this paper was being discussed in all of the Chapters of the 
Society during the month. As a member of the Committee 
on Research, President Howatt found that one of the most con- 
troversial items was the subject matter of the paper and because 
of the interest manifested in this subject, it was placed on the 
1935-36 Research Program at the Committee’s Buffalo Meeting. 
It was decided to have the research completed as soon as pos- 
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sible in order that the findings might be discussed by all of the 
chapters in the country previous to the Annual Meeting in Chi- 
cago in January, 1936. 

President Howatt stated that the comfort chart had been 
adopted by the Society about 12 years ago. This chart estab- 
lished the limits of temperature and humidity in still air but did 
not take into account the outside dry-bulb temperature. With 
the aid of a series of seven slides, illustrating the curves in the 
article, President Howatt brought out the shock experience, by 
all of the ‘steps, in going from a warm inside temperature to the 
cool air and followed through in detail the most significant steps 
of the research. 

After President Howatt completed his remarks, Dr. E. V. Hill 
took the floor and he stated that in his opinion, the term effec- 
tive temperature was a psychrometric error. Dr. Hill’s criticism 
of the paper was that five interested students had been used for 
subjects. These students unconsciously were probably influencing 
the result because of their interest. For that reason Dr. Hill 
preferred subjects who are not familiar with the effects involved. 
In his opinion this type of subject would be more apt to give 
unbiased answers, The lag shown in the charts was undoubtediy 
due to the wearing of clothing by the subjects and Dr. Hill 
suggested that nude subjects should be used. 

Harry Hart, Past President of the Chapter and a member of 
the Chicago Committee on Air Conditioning Standards, thought 
that the conditions under which tests were run were not appli- 
cable to the requirements for most air conditioning installations. 
As the young men were in a sparsely occupied space, he consid- 
ered the results of doubtful value when applied to an auditorium 
where large groups of people are in close proximity. He believed 
that if, in setting standards for air conditioning, the dry-bulb tem- 
peratures were eliminated entirely and wet-bulb temperatures 
substituted, a great benefit would be done to the industry. Mr. 
Hart found, as a result of this paper, that the industry should 
limit itself for design, between relative humidities of 30 and 60 
per cent. He considered that one of the deficiencies in the ex- 
perimental data is that no consideration was given to air in mo- 
tion. Mr. Hart concluded by stating that the Research Labora- 
tory should be highly commended for this excellent paper and 
urged to continue the work on this very important subject. 

John Aeberly stated that the paper was not conclusive. Years 
ago when the Chicago Board of Health stated that the wet-bulb 
temperature is the one that should be used for comfort control in 
air conditioning, great protest was aroused. He thought this 
paper emphasized the correctness of the Board of Health state- 
ment. This paper further refines margins of the comfort con- 
trol established in Tue A.S.H.V.E, Guine. Replying to Dr. 
Hill's comment on the type of subjects used, Mr. Aeberly stated 
that, in his opinion, the subjects and Research staff were serious 
and not in coalition in any way to affect the results. 

V. L. Sherman of the Lewis Institute thought that the authors 
of the paper were to be commended for their reasonable direc- 
tion and careful work, as well as because they are not satisfied 
with their present conclusions but suggest further experimenta- 
tion to check the results. In his opinion the effect on the human 
body of air conditioning has not had sufficient attention, and more 
collaboration with the medical profession is suggested. 

Secy. L. S. Ries thought that in the discussion barometric 
pressure variations should be included as these pressure variations 
undoubtedly had a marked effect on comfort. 

Mr. Hattis suggested that a standard should be established in 
which the average person is healthiest as well as most comfort- 
able. 

Martin Brown thought that the temperature differential be- 
tween the outside and the inside air should be closely limited 
for comfort and suggested that studies should be made with male 
and female subjects of different age groups. 


Major Stark expressed his opinion that no matter what conclu- 
sions were reached they would be vulnerable to attack, and no 
matter how disinterested the subjects tried to be they were sure 
to be influenced by their knowledge of the state of the art. He 
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would rather have had as subjects, comparative morons. 

President Howatt then briefly summed up the major point: of 
the discussion. He further stated that the 42nd Annual Meeting 
of the Society was to be held at the Palmer House, beginiing 
January 27, 1936, and he invited everybody present to attend both 
the Meeting and the Exposition. 

The meeting adjourned at 10:20 p. m. 

Michigan 

December 16, 1935. About 55 members and guests attended 
the dinner meeting of the Michigan Chapter at the Wardell 
Hotel. 

After roll call, the minutes were read and approved. 

Pres. A. C. Wallich read a communication from the Asso- 
ciated Technical Societies of Detroit calling attention to a meet- 
ing to be held later for the benefit of high school juniors and 
seniors who are considering entering the engineering profes- 
sion. 

President Wallich also read a communication from National 
Headquarters regarding the exchange service plan with the 
American Society of Refrigerating Engineers, and he also called 
attention to the fact that the next summer meeting of the Society 
will be held in conjunction with the A. S. R. E. 

Tom Brown, formerly of the Michigan Chapter who is now 
located in Chicago, spoke on arrangements for the Annual Meet- 
ing of the Society in Chicago in January. 

President Wallich appointed as delegate to the Annual Meeting, 
and as representative on the Nominating Committee from the 
Michigan Chapter, Thomas Chester, with George Tuttle as 
alternate. 

The speaker of the evening was S. S. Sanford, who discussed 
the paper on Comfort Standards for Summer Air Conditioning 
prepared by the A. S. H. V. E. Research Laboratory. He 
traced the origin of effective temperature and by means of charts 
explained the tests being conducted by the Society. Following 
his paper there was considerable discussion on this subject by 
Messrs. Chester, Rowe, Walker, Harrigan, McIntire, Keilholtz, 
Toonder, Helmrich and Wells. 

It was moved, seconded and passed that the Michigan Chapier 
go on record as commending the research being done by the 
Society on this project and urging a continuance of the studies. 

The meeting adjourned at 10 p. m. according to the report of 
Secy. W. F. Arnoldy. 


Massachusetts 


November 21, 1935. A joint meeting of the Massachusetts 
Chapter of the A.S.H.V.E., the Air Conditioning Bureau, the 
Boston Oil Burner Association and the local section of the 
A.S.M.E. was held at the Hotel Kenmore, Boston, Mass. 

Dinner was served to 309 members and guests and approxi- 
mately 450 persons attended the meeting. 

Julius Daniels introduced W. T. Jones, who greeted the gath- 
ering in behalf of the A.S.H.V.E. 

The meeting was then turned over to the Chairman of Papers 
and Meetings Committee, Prof. Philip Drinker. S. M. Ander- 
son was presented by Mr. Drinker and discussed Railroad Air 
Conditioning. 

Mr. Anderson stated that passenger traffic on lines employing 
air conditioned cars had increased from 40 per cent to 300 per 
cent in all sections of the country. Slides were presented, trac- 
ing the history of railroad air conditioning and showing early 
installations in 1910 as well as modern methods employing both 
mechanical and ice refrigeration. 

Several questions were asked regarding the amount of outside 
air used and Mr. Anderson stated this was customarily set at 
about 25 per cent, which seemed to provide satisfactory comfort 
conditions without exceeding the limitation of the power available. 

The December meeting of the local chapter was announced 
to be held at Massachusetts Institute of Technology. 

Edward Roemer, Building Commissioner of the City of Boston, 
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then expressed the interest of his department in the rapidly ad- 
yancing field of air conditioning. 

Mr. Roemer sounded a warning in regard to the fire hazard 
of improperly installed ductwork and suggested that a committee 
of air conditioning engineers be appointed to consult with a com- 
mittee of structural engineers and collaborate with his office in 
developing proper safeguards. 

Mr. Daniels introduced many prominent engineers, real estate 
operators, contractors and public building executives who are in- 
terested in the development of air conditioning. He then pre- 
sented W. L. Fleisher, consulting engineer, New York, N. Y., 
who discussed the Changing Aspects of Air Conditioning 

As outlined by Mr. Fleisher, air conditioning originated in in- 
dustry and was closely allied with refrigeration. It was first in- 
troduced in 1923 in theaters and at that time the first studies of 
comfort work were carried on by the Society. 

Mr. Fleisher urged that every effort be made to enlist the 
interest of the medical profession in order to popularize the 
necessity and benefits of air conditioning. He also pointed out 
the tendency to a smaller drop in temperature and larger supply 
of circulated air and smaller amount of refrigeration and sug- 
gested further development of the possibilities offered by the con- 
trol of humidity and air motion. 

Particular emphasis was placed on the investigation of means 
to bring air conditioning within the range of purchasing power 
of the public. 

In conclusion, Mr. Ryan briefly explained the design of the 
air conditioning system recently installed in the Hotel Kenmore. 
An invitation was extended to all present to inspect the system, 
according to the report of G. B. Gerrish, Secretary. 


Philadelphia 


December 12, 1935. The regular meeting of the Philadelphia 
Chapter was held at the Engineers Club with Pres. J. H. Hucker 
presiding. 

V. L. Sanderson of the Engineers Musical Association spoke, 
urging support. 

The minutes of the previous meeting and the Treasurer’s re- 
port were read and approved. 

Pres. John Howatt’s December letter to chapters was read by 
the Secretary, H. H. Erickson. 

R. F. Hunger, Chairman of the Membership Committee, re- 
ported a total of 22 new Society members and 15 Chapter mem- 
bers and urged continued activity on the part of the teams to 
increase membership. 

A. H. MacDade, of the Attendance Committee, advised that 25 
members had dinner and 36 were present at the meeting. 

It was regularly moved and seconded and duly passed that the 
present officers and committees remain in office until the annual 
election in April, 1936, 

Secretary Erickson, a member of the Year Book Committee, 
spoke in behalf of its publication and asked members to cooper- 
ate in making its publication a success. 

5. E. Plewes announced the inability of the scheduled speaker, 
C. S. Leopold, to attend. Mr. Plewes introduced P. L. David- 
son, whose paper on Air Conditioning was well received. A 
rising vote of thanks was given Mr. Davidson for the presenta- 
tion of such an excellent paper. 

President Hucker adjourned the meeting at 9:45 p. m. 

Vovember 14, 1935. With Pres. J. H. Hucker presiding, a 
joint meeting was held with the local chapter of the American 
Society of Refrigerating Engineers at the Engineers Club. Pre- 
ceding the business session, an excellent dinner was served in 
the meeting room, with 100 members and guests present. 

Upon motion duly made by J. D. Cassell, seconded by M. F. 
Blankin, the Constitution and By-Laws of the Philadelphia Chap- 


ter were changed as follows: 


Artic V 
delphia 
from O-+ 
Meeting 


Section 1: Regular monthly meetings shall be held in Phila- 
the dates and at the place selected by the Board of Governors 
ber to May inclusive. The April meeting shall be the annual 
the Chapter, at which time officers shall be elected. 
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Article V11—Section 1: At the October mecting in each year, a Nom 
inating Committee of five members shall be elected by the Chapter. 

Article VII The candidate receiving the highest vote for 
each office shall be declared elected, and shall take office at the beginning 
of the May meeting, but shall be inducted into office as part of the clos- 
ing ceremonies of the April meeting. 


Section 4: 


Secy. H. H. Erickson was instructed to advise headquarters of- 
fice of these changes. 

President Hucker introduced Howard Leslie, Rio de Janeiro, 
Brazil, who told of engineering activities in Brazil. 

President Hucker then turned the meeting over to S. E. 
Plewes, who presented the speaker, Harry Harrison, President 
of the 4.S.R.E. Mr. Harrison read the paper prepared by the 
A.S.H.V.E. Laboratory on Comfort Standards for 
Summer Air Conditioning. The paper was illustrated by slides 
and was well received. Among those taking part in the discus- 
sion were A. E. Stacey, C. S. Leopold, M. G. Kershaw, H. Les- 
lie, H. H. Mather, F. D. Mensing, S. H. Knight, E. 
and Harry Harrison. 

This meeting proved to be one of the most interesting held in 
A rising vote of thanks was given to Mr. Harrison 


Research 


S. Bigelow. 


some time. 
for his presentation, before President Hucker adjourned the meet- 
ing at 9:50 p. m. 


Ontario 


December 2, 1935. 
ent at the regular meeting of the Ontario Chapter held at the 
Royal Connaught Hotel, Hamilton, Ontario. 

At 4:30 an inspection trip was made of the Dominion Foun- 
dries & Steel Ltd. At 6:30 p. m. dinner was served at the Royal 
Connaught Hotel. 

O. L. Maddux introduced the principal speaker of the evening, 
R. T. Kelly, who spoke on Canada’s Future. L. L. Anthes ex- 
tended a vote of thanks to Mr. Kelly for his inspirational talk. 

Pres. M. W. Shears read Pres. John Howatt’s letter entitled, 
Air Conditioning Standards. President Shears then announced 
the creation of a new chapter in Manitoba, with headquarters at 
Winnipeg. H. H. Angus moved that the Secretary of the 
Ontario Chapter write the Manitoba Chapter congratulating them 
and wishing them every success. The motion was seconded by 
Mr. Maddux and carried. 

Secy. H. R. Roth read the minutes of the two preceding meet- 
ings, which were accepted as read. 

President Shears read a report of the University of Toronto 
Prize Committee and appointed a committee to act during the 
coming year on this matter. The committee consisted of: W. R. 
Blackhall, Chairman; H. H. Angus and E. H. Gurney. 

President Shears appointed a committee to organize an On- 
tario Chapter party to attend the Annual Meeting of the Society 
in Chicago in January. The committee consisted of: W. P. Bod- 
dington, Chairman; H. B. Jenney, Thomas McDonald and A. G. 
Ritchie. 

Mr. Boddington extended a cordial welcome to the guests of 
the evening before the meeting adjourned. 


Forty-one members and guests were pres- 


St. Louis 


December 4, 1935. Thirty members and guests, including many 
members of the local section of the 4.S.R.E., attended the meet- 
ing which was held at Garavelli’s with Pres. J. W. Cooper 
presiding. 

Minutes of the October and November meetings were read 
and approved. 

Secy. A. L. Walters read correspondence, including Pres. John 
Howatt’s monthly letter and a letter from A. A. Langsdorf on 
behalf of the American Association for the Advancement of Sci- 
ence and associated societies, urging members of the Chapter to 
attend the Annual Science Exhibition which will be held in St. 
Louis, December 30 to January 4. 

The Secretary announced the receipt of three new applications 
for membership: C. F. Boester, W. A. Chapman, Jr., and C. P. 
Smith. 
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R. J. Tenkonohy, Chairman of the Chapter’s Committee on 
Constitutional Amendments, presented a proposed amendment, 
whereupon it was moved by Mr. Tenkonohy that the amendment 
be adopted. The motion was seconded by E. E. Carlson and 
carried, 

President Cooper reviewed the activities of his administration 
during the year. 

Paul Sodemann presented the nominations for new officers, 
after which the Chair called for nominations from the floor. 

It was moved by J. E. Manahan, and seconded by E. A. White, 
that nominations be closed. The motion was carried. 

It was moved by Mr. Sodemann, and seconded by Mr. Mana- 
han, that the nominees be unanimously elected to the varicus 
offices for which they were selected and the motion was carried. 
The officers elected are as follows: President, C. R. Davis; First 
Vice-President, George Myers; Second Vice-President, A. L. 
Walters; Secretary, R. J. Tenkonohy; Treasurer, E. E. Carlson; 
Board of Governors, J. W. Cooper, D. J, Fagin, C. E. Hartwein 
and G. B. Rodenheiser. 

President Cooper then spoke of his appreciation of the honor 
of serving the Chapter as President and thanked the members for 
their cooperation during his term. Mr. Cooper called upon the 
newly elected president, C. R. Davis, who accepted his election 
and said that he hoped he would make as good a president with 
two good legs as his predecessor had with only one. Mr. Davis 
then called upon the other newly elected officers who in turn 
expressed their appreciation of their election. 

It was moved by A. L. Walters, and seconded by Mr. Carlson, 
that Mr. Tenkonohy be named the Chapter’s Representative on 
the Society’s Nominating Committee, and that he also be named 
as the official representative of the Chapter to the next Annual 
Meeting, to whom the Society's travelling allowance should be 
paid, The motion was carried. 

It was moved by President Davis, and seconded by Mr. Sode- 
mann, that J. W. Cooper be named as alternate member on the 
Society’s Nominating Committee. The motion was carried. 

There being no further business, the meeting was turned over 
to George Myers, Chairman of the Program Committee, who in- 
troduced Mr. Sodemann as the speaker of the evening. Mr. 
Sodemann very ably read and discussed the paper on Comfort 
Standards for Summer Air Conditioning, by F. C. Houghten and 
Carl Gutberlet. 

The presentation of the paper was followed by considerable 
discussion, After a rising vote of thanks, the meeting was 


adjourned. 
Western Michigan 


December 9, 1935. Twenty-seven members and guests at- 
tended the December meeting of the Western Michigan Chap- 
ter held in the English Room of the Hotel Rowe, Grand Rapids. 

It was voted to hold the January meeting in Battle Creek 
at one of the food manufacturing plants, if suitable arrange- 
ments can be made, and it was further decided to issue invita- 
tions to ladies to attend this meeting as it was thought that an 
inspection trip would be of interest to them. 

Prof. L. G. Miller, Engineering Department of Michigan 
State College, who is Vice-President of the Western Michigan 
Chapter, gave an outline of the paper Comfort Standards for 
Summer Air Conditioning. Professor Miller presented his topic 
in a very interesting manner as was indicated by the discussion 
following. 

J. H. Van Alsburg was appointed as representative from the 
Western Michigan Chapter to attend the Society’s Annual Meet- 
ing in Chicago. 

After the business session, S. H. Downs received many con- 
eratulations on his nomination as a member of the A.S.H.V.E. 
Council. 


November 11, 1935. At the November meeting held in the 


Hotel Rowe, Grand Rapids, 25 members and guests were present. 
Pres. P. O. Wierenga named W. W. Bradfield, S. H. Downs, 
mh kee Breese, &. §. 


Adams, and L, G. Miller as a committee 





January, 1936 


to investigate the feasibility of the Chapter taking steps 
establish an air conditioning code. 

C. A. Storch gave an interesting talk on Temperature (..n- 
trol, and showed three reels of moving pictures illustrating .,s- 
tems of control and operation. According to Secy. J. J. Tro-ke, 
the evening was very instructive to those who attended ind 
the meeting adjourned at 10:30 p. m. 


Southern California 


December 10, 1935. The regular meeting of the Southern 
California Chapter was held at the Rosslyn Hotel, Tues:day 
noon, when 39 members and guests were present. 

A short business meeeting was held at the conclusion of the 
luncheon, and Pres. Leo Hungerford urged that continued ef- 
forts be made to increase the number of affiliate members. 

E. H. Kendall moved that Past President W. E. 
and President Hungerford be nominated as delegate and alter- 
nate to the 42nd Annual Meeting of the Society in Chicago to 
be held during the week of January 27-31. The motion was 
seconded and unanimously adopted. 

The feature of the meeting was a talk by P. J. Washburn, 
acoustical engineer, New York, N. Y. The speaker discussed 
the subject of Acoustical Treatment and Sound Control, with 
particular reference to air conditioning systems and _ isolation 
of machinery noise and vibrations. The members and guests 
present evidenced much interest in Mr. Washburn’s talk and 
the able manner in which it was presented. 

According to Secy. H. M. Hendrickson the meeting adjourned 


Barnum 


at 2:15 p. m. 
Washington, D. C. 


November 18, 1935. A meeting of the Washington, D. C. 
Chapter was held at the Harrington Hotel, Washington, D. C. 
Forty-one members and prospective members were present for 
dinner at 6:30 p. m. 

Pres. W. A. Danielson called the meeting to order at 8:30, 
when 57 members and guests were present. The minutes of the 
preceding meeting were read and approved. 

President Danielson read a letter from Pres. John Howatt, 
Chicago, III. 

Colonel Danielson then announced that it was in order to ap- 
point a committee to nominate officers for the local Chapter 
for the year 1936. E. V. Fineran moved that the present officers 
serve and this motion was seconded by A. E. Beitzell and was 
unanimously carried. 

President Danielson then introduced W. L. Fleisher, consult- 
ing engineer, New York, N. Y., and a member of the Committee 
on Research of the A.S.H.V.E., who delivered a very interesting 
paper on Comfort Standards for Summer Air Conditioning, pre- 
pared by the Society's Research Laboratory. Following the 
paper, discussions were given by R. B. Crawford, E. V. Fineran, 
Mr. Crosby, H. H. Downes, A. E. Beitzell and L. S. Ourusoff. 

The meeting adjourned at 11:10 p. m., as reported by Secy. 
M. D. Kiczales. 


Revision of Rules 


At the Council Meeting in New York, Dec. 2, 1935, the fol- 
lowing Revision of Rules was adopted in accordance with the 
provisions of Art. B I, Section 9, of the Society’s By-Laws 

Article R-XI—Section 1: The Secretary shall receive all bills against 
the Society and shall check and if correct approve for payment all items 
when covered by the Budget, or by special action of the Council and 
emergency expenditures approved in writing by the Chairman of the Fi- 
nance Committee. A summary of these accounts shall be made at least 
every 30 days on a form approved by the Council and a copy shal! be 
submitted to the members of the Finance Committee, the President and 


Treasurer of the Society. A check for the total amount of the bills listed 
in the summary shall be drawn on the Treasurer’s account and when 
signed by the Treasurer and countersigned by the President of the Se 
ciety, shall be deposited to the credit of the American Society oF Heatine 
AND VENTILATING ENGINEERS in the special Secretary's account Phe 


Secretary shall draw against this amount in settlement of all approved 
expenditures, 














CANDIDATES FOR MEMBERSHIP 
























































The Constitution of the Society as now amended, requires the following mode of procedure in voting on applicants for mem- 
bership in the Society. All applications for membership are to be sent to the Secretary and the names of applicants and their refer- 
ences shall be printed in the next issue of the JouRNAL of the Society or sent to the members in other approved manner as ordered 
by the Council. When replies are received from references, the Candidate's application shall be submitted to and acted upon by the 
Committee on Admission and Advancement as soon as possible. 

When the Committee on Admission and Advancement has acted favorably upon a Candidate's application and assigned his grade, 
the Council shall vote upon the election of the proposed Candidate for membership by letter ballot. During the past month 43 
applications for membership have been received and the names of these men and their sponsors are published in the following list 

Members are requested to scrutinize the list with care. The Committee on Admission and Advancement, and in turn the Coun 
cil, urge the members to assume their share of the responsibility of receiving these candidates into membership by advising the 
Secretary promptly of any whose eligibility for membership is in any way questioned. 

All correspondence in regard to such matters is strictly confidential, and is solely for the good of the Society, which it is the 
duty of every member to promote. 

Unless objection is made by some member by January 15, 1936, these candidates will be balloted upon by the council. Those 
elected to membership will be notified by the Secretary immediately after election. 


CANDIDATES REFERENCES 
Proposers Seconders 
AwnspacHer, T. H., Br. Mgr., Buffalo Forge Co., Kansas City, N. W. Downes . J. Dean, Jr. 
Mo. L. R. Chase G.L. Bliss 
BarNeES, HERBERT, Plbg. & Htg. Contractor, Hamilton, Ont., Can. G. H. Hopper H. S. Moore 
W. R. Blackhall O. L. Maddux 
BLUMENTHAL, M. I., Engrg. Instructor, National Schools, Los E. W. Riesbeck (Non-Member) E. F. Keyes (Non-Member) 
Angeles, Calif. H. A. Lewis (Non-Member) John Wyllie, Jr. (4.8 RE.) 
jorstrA, C. F., Air Cond. Engr., Polar Wave Div., City Ice & A. L. Walters E. A. White 
Fuel Co., St. Louis, Mo. Paul Sodemann FE. E, Carlson 
Cuambers, F. W., Mgr. & Chief Engr., F. W. Chambers & Co., =H. R. Roth W. R. Blackhall 
Toronto, Ont., Can. H. H. Angus M. S. Woollard 
CuapmMan, W. A., Jr., Dist. Engr., Frigidaire Corp., St. Louis, G. W. F. Myers Frank Wice (Non-Member) 
Mo. J. W. Cooper E. E. Carlson 
Cooper, T. E., Student, University of Minn., Minneapolis, Minn. F. B. Rowley H, E. Gerrish 
A. B, Algren J. V. Martenis 
Cornisu, D, F., Consulting Engr., Dominion Htg. Specialty Co., W. R. Blackhall M. W. Shears 
Toronto, Ont., Can. A. G. Ritchie H. R. Roth 
Dowiz, T. K., Supt. of Bldgs., London Life Insurance Co., Lon- R. H. Everest G. A, Playfair 
don, Ont., Can, A. S. Leitch 1. R. Roth 
Doucias, H. H., Elec. Htg. Engr., So. Calif. Edison Co., Los O. W. Ott W. E. Barnum, Jr 
Angeles, Calif. W. KE. Cranston, Jr. \. G. Orear 
xisMAN, P. H., Jr., Chief Engr., Washington Refrigerating A. E. Beitzell W. E. Kingswell 
Co., Washington, D. C. T. H. Urdahl H. H. Downes 
ripeLius, W. R., Sales Engr., Fitzgibbons Boiler Co., Inc., New G, E. Olsen H. J. Rose 
York, N. Y. J. A. Darts Homer Addams 
l'isner, J. T., Air Cond, Engr., National Electrical Supply Co., W. E. Kingswell T. H. Urdahl 
Washington, D. C. James Holt A. E, Beitzell 
Gares, R. A., Owner, Gates Engrg. Co., Brooklyn, N. Y. G. E. Olsen H. J. Rose 
J. A. Darts A. T. Miano (Non-Member) 
Gites, A, F., Vent. Engr., H. H. Robertson Co., Pittsburgh, Va. R. J. J. Tennant L. B. Pittock 
(Advancement). C. M. Humphreys T. F. Rockwell 
Harris, J. K., Mgr., Air Cond. Dept., Frigidaire Corp., Cleve- L. T. Avery F, R. Dickenson 
land, Ohio. Philip Cohen M. F. Rather 
HotLister, E. W., Proprietor, Hollister’s, Hudson Falls, N. Y. H. J. Ryan R. I. Scott (Non-Member) 
( Advancement, ) C. H. Quirk J. T. Galvin (Non-Member) 
Jsxcno, M. D., Vice Pres., Jarcho Bros., Inc., New York, N. Y. W. M. Heebner H. W. Fiedler 
G. EK, Olsen F. E. W. Beebe 


‘, John, Jr., Sales Engr., Melchior, Armstrong, Dessau Co., C. R. Nelson (Non-Member)  C. V. Haynes 


Philadelphia, Pa. Denis McCormack T. M. Kellogg (Non-Member) 
'( NKER, W. H., Chief Mech. Engr., Thos. Emery’s Sons, Inc., O. W. Motz ‘ H. E. Sproull 
Cincinnati, Ohio. I. B. Helburn G. B. Houliston 
vin, J. B., Htg. & Vtg. Surveyor, Fiskdale, Mass. E. H. Salter (Non-Member) HH. J. DeVere (Non-Member) 
M. Schumann, Jr., (Non-Mem- C. S. Geudin (Non-Member) 
ber) 
jUK, A. E., Assoc. Engr., Rural Resettlement, Washington, M. D. Kiczales Fk, C. Heiles (Non-Member) 
D. C. J. P. Foster (A.S.C.E.) J. A. Finegan (Non-Member) 
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R, J. Tenkonohy, Chairman of the Chapter’s Committee on 
Constitutional Amendments, presented a proposed amendment, 
whereupon it was moved by Mr. Tenkonohy that the amendment 
be adopted. The motion was seconded by E. E. Carlson and 
carried, 

President Cooper reviewed the activities of his administration 
during the year. 

Paul Sodemann presented the nominations for new officers, 
after which the Chair called for nominations from the floor. 

It was moved by J. E. Manahan, and seconded by E. A. White, 
that nominations be closed. The motion was carried. 

It was moved by Mr. Sodemann, and seconded by Mr. Mana- 
han, that the nominees be unanimously elected to the various 
offices for which they were selected and the motion was carried. 
The officers elected are as follows: President, C. R. Davis; First 
lice-President, George Myers; Second Vice-President, A. L. 
Walters; Secretary, R. J. Tenkonohy; Treasurer, E. E. Carlson; 
Board of Governors, J. W. Cooper, D. J. Fagin, C. E. Hartwein 
and G. B. Rodenheiser. 

President Cooper then spoke of his appreciation of the honor 
of serving the Chapter as President and thanked the members for 
their cooperation during his term. Mr. Cooper called upon the 
newly elected president, C. R. Davis, who accepted his election 
and said that he hoped he would make as good a president with 
two good legs as his predecessor had with only one. Mr. Davis 
then called upon the other newly elected officers who in turn 
expressed their appreciation of their election. 

It was moved by A. L. Walters, and seconded by Mr. Carlson, 
that Mr. Tenkonohy be named the Chapter’s Representative on 
the Society's Nominating Committee, and that he also be named 
as the official representative of the Chapter to the next Annual 
Meeting, to whom the Society's travelling allowance should be 
paid. The motion was carried. 

It was moved by President Davis, and seconded by Mr. Sode- 
mann, that J. W. Cooper be named as alternate member on the 
Society’s Nominating Committee. The motion was carried. 

There being no further business, the meeting was turned over 
to George Myers, Chairman of the Program Committee, who in- 
troduced Mr. Sodemann as the speaker of the evening. Mr. 
Sodemann very ably read and discussed the paper on Comfort 
Standards for Summer Air Conditioning, by F. C. Houghten and 
Carl Gutberlet. 

The presentation of the paper was followed by considerable 
discussion. After a rising vote of thanks, the meeting was 
adjourned. 


Western Michigan 


December 9, 1935. Twenty-seven members and guests at- 
tended the December meeting of the Western Michigan Chap- 
ter held in the English Room of the Hotel Rowe, Grand Rapids. 

It was voted to hold the January meeting in Battle Creek 
at one of the food manufacturing plants, if suitable arrange- 
ments can be made, and it was further decided to issue invita- 
tions to ladies to attend this meeting as it was thought that an 
inspection trip would be of interest to them. 

Prof. L. G. Miller, Engineering Department of Michigan 
State College, who is Vice-President of the Western Michigan 
Chapter, gave an outline of the paper Comfort Standards for 
Summer Air Conditioning. Professor Miller presented his topic 
in a very interesting manrier as was indicated by the discussion 
following. 

J. H. Van Alsburg was appointed as representative from the 
Western Michigan Chapter to attend the Society’s Annual Meet- 
ing in Chicago. 

After the business session, S. H. Downs received many con- 
gratulations on his nomination as a member of the A.S.H.V.E. 
Council. 

November 11, 1935. At the November meeting held in the 
Hotel Rowe, Grand Rapids, 25 members and guests were present. 

Pres. P. O. Wierenga named W. W. Bradfield, S. H. Downs, 
K. L. Ziesse, E. I. Adams, and L. G. Miller as a committee 











January, 1936 


to investigate the feasibility of the Chapter taking steps to 
establish an air conditioning code. 

C. A. Storch gave an interesting talk on Temperature Con- 
trol, and showed three reels of moving pictures illustrating sys- 


tems of control and operation. According to Secy. J. J. Troske, 
the evening was very instructive to those who attended and 


the meeting adjourned at 10:30 p. m. 


Southern California 


December 10, 1935. The regular meeting of the Southern 
California Chapter was held at the Rosslyn Hotel, Tuesday 
noon, when 39 members and guests were present. 

A short business meeeting was held at the conclusion of the 
luncheon, and Pres. Leo Hungerford urged that continued ef- 
forts be made to increase the number of affiliate members. 

E. H. Kendall moved that Past President W. E. Barnum 
and President Hungerford be nominated as delegate and alter- 
nate to the 42nd Annual Meeting of the Society in Chicago to 
be held during the week of January 27-31. The motion was 
seconded and unanimously adopted. 

The feature of the meeting was a talk by P. J. Washburn, 
acoustical engineer, New York, N. Y. The speaker discussed 
the subject of Acoustical Treatment and Sound Control, with 
particular reference to air conditioning systems and _ isolation 
of machinery noise and vibrations. The members and guests 
present evidenced much interest in Mr. Washburn’s talk and 
the able manner in which it was presented. 

According to Secy. H. M. Hendrickson the meeting adjourned 
at 2:15 p. m. 


Washington, D. C. 


November 18, 1935. A meeting of the Washington, D. C. 
Chapter was held at the Harrington Hotel, Washington, D. C. 
Forty-one members and prospective members were present for 
dinner at 6:30 p. m. 

Pres. W. A. Danielson called the meeting to order at 8:30, 
when 57 members and guests were present. The minutes of the 
preceding meeting were read and approved. 

President Danielson read a letter from Pres. John Howatt, 
Chicago, Ill. 

Colonel Danielson then announced that it was in order to ap- 
point a committee to nominate officers for the local Chapter 
for the year 1936. E. V. Fineran moved that the present officers 
serve and this motion was seconded by A. E. Beitzell and was 
unanimously carried. 

President Danielson then introduced W. L. Fleisher, consult- 
ing engineer, New York, N. Y., and a member of the Committee 
on Research of the A.S.H.V.E., who delivered a very interesting 
paper on Comfort Standards for Summer Air Conditioning, pre- 
pared by the Society’s Research Laboratory. Following the 
paper, discussions were given by R. B. Crawford, E. V. Fineran, 
Mr. Crosby, H. H. Downes, A. E. Beitzell and L. S. Ourusoff. 

The meeting adjourned at 11:10 p. m., as reported by Secy. 
M. D. Kiczales. 


Revision of Rules 


At the Council Meeting in New York, Dec. 2, 1935, the fol- 
lowing Revision of Rules was adopted in accordance with the 
provisions of Art. B I, Section 9, of the Society’s By-Laws: 

Article R-XI—Section 1: The Secretary shall receive all bills against 
the Society and shall check and if correct approve for payment all items 
when covered by the Budget, or by special action of the Council and 
emergency expenditures approved in writing by the Chairman of the Fi- 
nance Committee. A summary of these accounts shall be made at least 
every 30 days on a form-approved by the Council and a copy shall be 
submitted to the members of the Finance Committee, the President and 
Treasurer of the Society. A check for the total amount of the bills listed 
in the summary shall be drawn on the Treasurer’s account and when 
signed by the Treasurer and countersigned by the President of the So- 
ciety, shall be deposited to the credit of the American Society oF HEATING 
AND VENTILATING ENGINEERS in the special Secretary's account. The 
Secretary shall draw against this amount in settlement of all approved 
expenditures. 
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The Constitution of the Society as now amended, requires the following mode of procedure in voting on applicants for mem- 
bership in the Society. All applications for membership are to be sent to the Secretary and the names of applicants and their refer- 
ences shall be printed in the next issue of the JoURNAL of the Society or sent to the members in other approved manner as ordered 


by the Council. 


When replies are received from references, the Candidate’s application shall be submitted to and acted upon by the 
Committee on Admission and Advancement as soon as possible. 


When the Committee on Admission and Advancement has acted favorably upon a Candidate's application and assigned his grade, 


the Council shall vote upon the election of the proposed Candidate for membership by letter ballot. 


During the past month 43 


applications for membership have been received and the names of these men and their sponsors are published in the following list. 


Members are requested to scrutinize the list with care. The Committee on Admission and Advancement, and in turn the Coun- 
cil, urge the members to assume their share of the responsibility of receiving these candidates into membership by advising the 
Secretary promptly of any whose eligibility for membership is in any way questioned. 

All correspondence in regard to such matters is strictly confidential, and is solely for the good of the Society, which it is the 
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New Uses for the Psychrometric Chart in 
Simplifying Air Conditioning Problems 


HE useftilness of the psychrometric chart can 

be extended to solve a whole class of air condi- 

tioning problems for which it is not utilized at 
present. The solution of these problems on the chart 
not only gives an answer quickly and with the least 
effort, but has the additional merit of providing a pic- 
ture of the action which takes place under various con- 
ditions. 

In the design of an air conditioning system the amount 
of air to be supplied and its dry and wet bulb tempera- 
tures must be determined in order that the air supply. 
shall have sufficient capacity to care for the estimated 
sensible and latent heat loads of the conditioned spaces. 
Obviously, if the dry bulb temperature of the air supply 
is too high the dry bulb temperature in the conditioned 
room will rise. Likewise, if the dewpoint temperature 
of the air supply is too high the relative humidity in 
the conditioned room will also rise. It is the purpose 
here to present a simple method of utilizing the psychro- 
metric chart for determining both the quantity and the 
condition of an air supply in order to maintain a given 
dry bulb temperature and relative humidity in a condi- 
tioned room. This article deals only with warm weather 
air conditioning, when rooms must be cooled and dehu- 
midified. 


The psychrometric chart can be used to simplify 
the solution of many air conditioning problems 
for which it is not now utilized; a further 
advantage of the method described in this 
series of articles (of which this is Part 1) is 
that a picture of what takes place is provided 
ised The author explains in readable and clear 
manner the solving of problems by the ‘‘psych”’ 
chart, going deeply enough into the subject to 
make his article a treatise on air conditioning 
fundamentals......The procedure advocated has 
been tested by one organization of air condi- 

tioning engineers, enthusiastically adopted, 


and is now used in its every-day work. 
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Goodman* 


By William 


In the material which follows, such terms as the “moi- 
ture absorbed by the air” and the “moisture content of 
the air” will be used, although the use of these phrases 
implies that air acts like a sponge in absorbing mois- 
ture. Actually, nothing of the sort happens. Air has 
no affinity for moisture. We are dealing only with the 
tendency of every liquid to saturate the space above it 
with its own vapor, regardless of whether air or any 
other gas is present. However, this habit of speaking of 
the “moisture content of air” and of “moisture absorbed 
by the air” is so firmly established that to use a strictly 
correct phrasing would make a paper such as this not 
only difficult to read but equally difficult to write. 


. Absorption of Sensible Heat Gains 


In any cooling system, the air supplied to a condi- 
tioned room must absorb the sensible heat gain of the 
room as it rises to the dry bulb temperature being main- 
tained in the conditioned space; this is the exact con- 
verse of the action of warm air in heating a room. In 
the latter case the air must release sufficient heat, as it 
cools from the initial dry bulb temperature to the dry 
bulb temperature of the room, to offset the +heat losses 
of the room. 

The action of a chilled air supply in absorbing the 
sensible heat gain of a room is represented by the 
following simple equation: 


H,.=0.24W (t-—ts) [1] 
where ; a 
H, = Total sensible heat gain of the conditioned room 
in Btu per unit of time ts 
W = Pounds of chilled air supplied to the conditioned 
room, per unit of time Tr é 
+ = Dry bulb temperature to be maintained in the con- 
ditioned room 
t, = Dry bulb temperature of the chilled air supply. 
When designing a heating system, this equation (with 
the symbols ¢, and ¢, interchanged) is all that is needed 
to determine the required quantity of warm air and its 
initial temperature. Once the sensible heat losses of a 
room have been determined, the designer may vary the 
temperature of the air supply and its quantity to suit 
himself, always staying within the limitations of avail- 
able equipment and current good practice. He may 


*The Trane Co., LaCrosse, Wis. Copyright, 1936, by William Goodman. 
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select either the temperature of the air supply or the 
weight of air to be circulated and solve for the remain- 
ing quantity by means of Equation 1. 
Absorption of Moisture by the Air Supply 

Is this true in air conditioning also? Yes, so long as 
only sensible heat need be considered; that is, where 
there is no need for dehumidification.. However, every 
summer air conditioning problem does involve dehu- 
midification. This being the case, it is necessary to 
consider the moisture addition to the atmosphere of 
conditioned rooms and to provide for removing this 
added water vapor exactly as the sensible heat gains 
must be removed. One way to accomplish this is to 
lower the dew point of the air supply sufficiently so that 
upon being introduced into the conditioned room it can 
absorb the added water vapor. As this water vapor is 
absorbed, the dew point temperature of the air supply 
rises to the dew point temperature of the air in the 
conditioned roém in exactly the same way as the dry 
bulb temperature of the air supply rises because of the 
sensible heat gains. Since the relative humidity of a 
conditioned room must be kept below a certain point, it 
is obvious that the dew point temperature of the room 
air must be held down to a point corresponding to the 
desired dry bulb temperature and relative humidity. 

The absorption of moisture by an air supply having 
a lower dew point temperature than that in the condi- 
tioned room can be expressed by: 

G=—W (gr—9s) {2] 

where. 


G = Total weight of water vapor released in the con- 


ditioned room per unit of time 

Pounds of dehumidified air supplied to the con- 

ditioned room per unit of time 

9g: = Moisture content of air at the dew point tempera- 
ture of the air in the conditioned room, expressed 
in pounds of moisture per pound of air 

9s = Moisture content of air at the dew point tempera- 
ture of the air supply, expressed in pounds of 
moisture per pound of air. 


W 


While the physical basis underlying Equation 2 is 
quite apparent, its use involves the weight of moisture 
liberated in the conditioned room. It has become almost 
universal practice to speak of the “latent heat gain” of a 
room rather than the moisture gain. The latent heat 
gain of a room is the heat which must be removed at 
the dehumidifying apparatus in order to condense the 
moisture absorbed by the air supply in the conditioned 
room. The latent heat of water vapor at low pressures 
is about 1150 Btu per lb. Multiplying the weight of 
moisture released in a conditioned room by this figure 
will give the latent heat gain of the room. 


Absorption of Total Heat Gain 


The latent heat gain of a room added to the sensible 
heat gain of a room gives the total heat gain. The addi- 
ticn of sensible heat to an air supply causes a rise in its 
dry bulb temperature. Likewise, the addition of mois- 
ture to an air supply causes a rise in its dew point 
temperature. But, the addition of both sensible and 
latent heat causes a rise in the wet bulb temperature of 
the air supply, since the total heat content of air is a 
function only of its wet bulb temperature. Here is an 
index which changes with the addition of any heat, 
regardless of the proportions of sensible and latent heat 
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which make up the total. Therefore, the rise in the 
wet bulb temperature of the air supply due to the addi- 
tion of both the sensible and latent heat gains of a 
conditioned room can be expressed by: 
Hy=W (hi—hs) [3] 
where 
Hy = The total heat gain of the room in Btu per unit 
of time. The total heat gain is equal to the sum 
; of the sensible and latent heat gains 
W = Pounds of chilled and dehumidified air supplied 
to the conditioned room per unit of time 
h, = Heat content of air at the wet bulb tempera- 
ture of the air in the conditioned room, expressed 
in Btu per lb of air 
h, = Heat content of air at the wet bulb temperature 
of the air supply, expressed in Btu per Ib of air. 
Insofar as the dry bulb temperature of the conditioned 
room is concerned only Equation 1 need be satisfied. 
But if, as is usually the case, the relative humidity must 
be limited, then Equation 3 must also be satisfied. Here 
are two equations which must be solved in order to find 
the amount of air which must be supplied, as well as its 
condition, if the required dry bulb temperature and 
relative humidity are to be maintained in a conditioned 
room which has a given sensible and latent heat gain. 
Proceeding, therefore, with the solution of these equa- 
tions, we divide Equation 1 by Equation 3, which gives 


H, W (t.—te) 
— = 0.24 - 
Hy W (he—hy) 
which reduces to 
{.—t. 
N = 0.24 _—_—— [4] 
hh e—hs 


where all symbols are as heretofore, except 
N = Sensible heat ratio; that is, the proportion of the 
total heat gain which is sensible heat, the balance 
being latent heat. 

An immensely important conclusion can be drawn 
from Equation 4: In any conditioned room in which 
a given dry and wet bulb temperature is to be main- 
tained, the dry and wet bulb temperatures of the air 
supply are determined only by the ratio of the sen- 
sible heat gain to the total heat gain. The deter- 
mination of the condition of the air supply is 
independent of the actual values of the sensible and 
latent heat gains. 

Suppose certain given dry and wet bulb temperatures 
are to be maintained in a room where the sensible and 
latent heat gains, and therefore the sensible ratio, are 
known. This being the case, the only values which it 
would be necessary to find by means of Equation 4 are 
the dry and wet bulb temperatures of the air supply. 
For example, assume that the dry bulb temperature of 
a conditioned room is to be maintained at 80 F and the 
wet bulb temperature at 67 F. Also, assume that of 
the total heat gain 85 per cent is sensible and 15 per 
cent latent. Substituting in Equation 4 

80—?. 
0.85 = 0.24 
31.15—h, 
where 31.15 is the total heat content of air at a wet bulb 
temperature of 67 F. 


Use of the Psychrometric Chart 


In this one equation there are two values which must 
be found; the dry bulb temperature and the wet bulb 
temperature of the air supply. Obviously, any value 
may be assumed for one of the two unknown quantities 
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Fig. 2—Straight line plotted on psychrometric chart from 
Equation 4 for a room condition of 80 F dry bulb, 67 F 
wet bulb, and a sensible heat ratio of 0.85. Note that the 
line passes through point A representing the room condition 


and the equation solved for the remaining one. Now, 
suppose that several different values are assumed for 
the dry bulb temperature and Equation 4 is used to 
find the wet bulb temperature required. This will result 
in several combinations of dry and wet bulb tempera- 
tures for the air supply, any one of which, will satisfy 
the equation. If these various combinations of dry and 
wet bulb temperature are plotted on a psychrometric 
chart (such as that shown as Fig. 1) it will be found 
that a straight line can be drawn through all the points ; 
furthermore, this line will pass through the point which 
represents the room condition. Fig. 2 shows the straight 
line plotted on a psychrometric chart from Equation 4 
for a room condition of 80 F dry bulb, 67 F wet bulb 
and a sensible heat ratio of 0.85. Notice that the line 
passes through the point A which represents the room 
condition of 80 F dry bulb and 67 F wet bulb. 

It can be shown mathematically that the plot of 
Equation 4 on a psychrometric chart such as that of 
Fig. 1 always results in a straight line which passes 
through the point representing the condition to be main- 
tained in the conditioned room. This fact provides an 
easy and quick method of determining the many com- 
binations of dry and wet bulb temperatures which an 
air supply may have and still maintain one definite room 
condition.t If every combination of dry and wet bulb 
temperatures which results from Equation 4 falls on 





1In a monograph published in 1932, the author suggested the method 
presented here po 3 using the psychrometric chart. his monograph con- 
tained a simple table for the rapid solution of Equation 4. However, the 
use of the psychrometric chart has the advantage of providing a picture 
of the action taking place, which facilitates reasoning in connection with 
an air conditioning cycle. 
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Fig. 3—Two heat ratio lines drawn on psychrometric chart for 
room condition of 75 F dry bulb and 50 per cent relative hu- 
midity, one for a sensible heat ratio of 0.90 and the other for a 
ratio of 0.70. The 0.70 line is steeper, since more latent heat 
must be absorbed by the air supply when the sensible heat 
gain is 70 per cent of the total gain than when it is 90 per cent 


‘ 


what will henceforth be called the “sensible heat ratio 
line,” then the determination of these many combinations 
[Concluded on page 92] 


Table 1—Value of Heat Ratio Angle for Various Sensible Heat 


Ratios 
SENSIBLE Heat SENSIBLE Heat 
HEatT RATIO Heat Ratio 
Ratio ANGLE Ratio ANGLE 
0.00 90°-0’ 0.50 51°-20’ 
0.02 89°-4’ 0.52 49°.5/ 
0.04 88°-5’ 0.54 46°-48’ 
0.06 87°-5’ 0.56 44°.29° 
0.08 86°-1’ 0.58 42°-9’ 
0.10 84°-55’ 0.60 39°-48’ 
0.12 83°-46’ 0.62 37°-27’ 
0.14 82°-35’ 0.64 35°-7’ 
0.16 81°-20’ 0.66 32°-47’ 
0.18 80°-2’ 0.68 30°-28" 
0.20 78°-42’ 0.70 28°-11’ 
0.22 77°-17’ 0.72 25°-56’ 
0.24 75°-49" 0.74 23°-42’ 
0.26 74°-18’ 0.76 21°-33’ 
0.28 72°-43’ 0.78 19°-25’ 
0.30 71°-4’ 0.80 17°-21’ 
0.32 69°-22” 0.82 15°-21° 
0.34 67°-36’ 0.84 13°-24’ 
0.36 65°-46’ 0.86 11°-30’ 
0.38 63°-53’ 0.88 9°-41’ 
0.40 61°-56’ 0.90 7°-54’ 
0.42 59°-55’ 0.92 6°-12’ 
0.44 57°-51’ 0.94 4°-34’ 
0.46 55°-41’ 0.96 2°-59’ 
0.48 53°-33’ 0.98 1°-28’ 
1.00 0°-0’ 


















, \ HE theoretical horsepower required 
for overcoming the frictional resist- 
ance to the flow of oil, as described in 

the preceding article of this series,’ is ex- 

pressed as a function of gallons per minute 
pumped (G) and the pressure drop in Ib 

per sq in., Ap, and specific gravity, s: 

Theo. Hpr = 0.000582 ApGs ............ [5] By 
Since neither the pump nor the motor 
which drives it operate at 100 per cent effi- 
ciency, it is necessary to divide the theoret- 

ical horsepower by the product of the pump and motor 

efficiencies to obtain the actual horsepower developed by 

the motor in overcoming friction through the pipe: 


0.000582 (ApGs) 
RE ARIS al eae aubebenenans [6] 
MP 

where M represents motor efficiency and P pump eff- 
ciency. 

The total horsepower required to transfer a liquid from 
one point to another is the sum of the power to overcome 
friction, the power to elevate the liquid from its initial 
to its final level, and the power to overcome other losses, 
such as the loss of entrance of the liquid into the pipe 
and the loss through the pump, etc. This may be ex- 
pressed as 

Hp: = Hpr + Hp. + Hpm 
in which Hp: = total power developed by motor 
Hpr = power required to overcome pipe friction 
Hpe = power required to change liquid level 
Hpm = power required to overcome other losses, 
such as entrance and pump 

Hpm for the most practical purpose can be taken as 
10 per cent of Hp,;; Hp, is determined from the actual 
vertical distance between the original and final liquid 

0.00025 esG 


levels, and is numerically equal to 





, e being 
MP 
difference in liquid levels in feet. Hence the complete 
expression for total horsepower developed can be written 
as a function of gallons per minute, G, specific gravity 
(no units) s, with e, M, and P, as above: 
Gs 


MP 


The application of these formulas is best illustrated by 
working out a few typical problems. 


Problem 1—A railroad tank car holding 10,000 gal 
of fuel oil is to be unloaded at a rate of 300 gpm through 


Hp: = 





| 0.00064 (Ap) + 0.00025 (ce) | satin Sacian mtn [8] 


*Chief Engineer, Consumers Petroleum Co., Chicago, Ill. 
1936, by Kalman Steiner. 
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Cost of power for unloading the 
tank car pictured is calculated 


Handling Fuel Oil—Part 3 


Kalman Steiner* 


.. calculation of pressure drop, selection 


of pumping equipment, cost of pumping 


a pump and 3 in. pipe line into a 
vertical storage tank whose capacity is 
2000 gal per vertical foot. The fuel 
oil has an API gravity of 17 deg and 
a viscosity of 900 Saybolt Universal Seconds at the 
pumping temperature. The pump efficiency is 55 per 
cent, and the motor efficiency 75 per cent. Find the cost 
of electrical power at the rate of 3c per kw-hr for unload- 
ing the car under the stated conditions, the various eleva- 
tions and distances being as shown in the sketch. 

Solution: From the table published in December,’ 
s = 0.95 and Z = 188. From Fig. 3 (in December), or 
by Equation 2, V = 13. Hence the modulus Dl’:/Z = 
(3.07 & 13 X 0.95) /188 = 0.203. By referring to Fig 
2 (December) it is noted, first, that the flow is turbulent. 
and second, that the corresponding value of f is 0.015 
Substituting in Equation 4," 


0.015 & 0.95 XK 235 X 13 XK 13 
- = 59.5 lb per sq in 





Ap = 0.323 X a 
.07 
At the start of pumping, the difference in liquid level 
is 20 ft. At the end, the tank level is 5 ft higher and the 
car level 8 ft lower than at the start, making a total dif 
ference of 33 ft in liquid level when the pumping is fin 
ished. The average difference in liquid level is therefore 
26.5 ft, and this value may be used for e. The power 
expended in pumping is, by Equation 8, 
300 0.95 | 
——]| 0.00064 X 59.5 + 0.00025 26.5 |= 30.6 
0.75 X 0.55 
The total time for unloading the car is 10,000/300, or 
33.3 minutes. The energy expended for unloading is 
33.3/60 & 30.6 X 0.746 = 12.7 kw-hr. At 3 cents per 
kw-hr, the power cost is 38.1 cents. 


Problem 2—Fuel oil is to be drawn from storage and 


Hp: = 
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in Problem 1, as is the time in 
minutes required for unloading 
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Boilers 


Problem 2 in the text gives the 
method for computing the size of 
the motor driving the pump shown 





Storage Tak 


delivered to a battery of six oil fired boilers, each devel- 
oping 1000 boiler hp. Oil in the storage tank has an 
API gravity of 8 and a Saybolt Universal viscosity of 
3000 at 100 F, which temperature is maintained in the 
tanks by heating coils. At the point A shown in the 
diagram, a preheater raises the oil temperature and re- 
duces the oil viscosity to 415 Saybolt seconds, the gravity 
changing to 14 APJ. The fuel has a calorific value of 
156,000 Btu per gal, and is burned at an efficiency of 
70 per cent. Hydraulic losses through fittings are taken 
as 30 diameters for ells and 90 for tees. If the pump 
efficiency is 45 per cent, calculate the size of electric mo- 
tor required for the pump, allowing a return to storage 
of one-third. 

Solution: A boiler hp is defined as 33,500 Btu per hr. 
The total fuel burned is therefore (33,500 6000) / 
(0.7 156,000), or 1840 gph. Add one-third this 
amount for oil bypassed back to tank, and the quantity of 
oil pumped is 2450 gph or 41 gpm. Hence the rates of 
flow through the various sizes of pipe, and the respective 
velocities are: 3 in. pipe, 41 gpm and 1.76 ft per sec; 
2 in. pipe, 10 gpm and 0.95 ft per sec; 1 in. pipe, 5.1 
gpm and 1.87 ft per sec. 

From the table published in December,’ the initial 
specific gravity and centipoises are s = 1.01 and 7 
= 667. At the preheater, near the boilers, these values 
become, respectively, 0.97 and 87.6. The total equivalent 
length of 3 in. pipe between the pump and point A, allow- 
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ing for 3 ells and 1 tee, is 183 ft. From 
the heater to the end of the feed header, 
e point B, including the 2 ells and 6 tees, 
the equivalent pipe length is 110 ft. The 
length of return line is figured back to 
the pump at 214 ft, and the length of 
each feed line from the header down to 
each burner regulating valve is 9 ft, 
making a total of 54 ft for the six burners. The corre- 
sponding moduli are 0.0082, 0.0598, 0.0218, and 0.0217. 
The respective friction factors are accordingly 0.252, 
0.0345, 0.096, 0.096. It is now necessary to perform 
four separate calculations of pressure drop with Equation 
4: 


0.252 1.01 X 183 XK 1.76 X 1.76 
Ap: = 0.323 * — — = 15.6 
3.07 
0.0345 < 0.97 X 110 & 1.76 X& 1.76 
Ap: = 0.323 X ———--—- _ a = 1.2 
3.07 
0.096 & 0.97 & 214 & 0.95 & 0.95 
Abs = 0.323 * ——— mene SE $8) 
2.07 
0.096 & 0.97 & 54 & 1.87 & 1.87 
Abs = 0.323 * ———— ————_—— = 5.41 
1.05 
Total pressure drop = 25.02 |b per sq in. 


Calculation of the power losses in these four sections 
of pipe is made by four applications of Equation 8, ex- 
cept that the efficiency factor for the pump is introduced 
at the end. Taking the above pressure drops in succes- 
sion, 

Hp=4l 1.01 (0.00064 15.6+0.00025& 15)= 0.572 
Hp-=41 0.97 (0.00064 1.2+0.00025> 0)= 0.031 
Hp:=10 0.97 (0.00064 < 2.81+-0.00025 x —25 ) = —0.044 
Hpi=5.1 0.97 X (0.00064 5.41+0.00025X 9)= 0.006 
Total theoretical hp required = 0.565 

Dividing by the pump efficiency gives the motor size 
required as 0.565/0.45, or 1.25 hp. 

[Succeeding articles will cover pressure regulation, strainers, 
metering, and control._-Tue Epiror. | 





Psychrometric Chart— 


[Continued from page 90} 


resolves itself into the simple problem of locating this 
one line on the psychrometric chart. 

However, simply knowing that the plot of Equation 4 
is a straight line is not sufficient to locate the line on the 
psychrometric chart. In addition to knowing that the 
line passes through the point representing the room con- 
dition, the inclination of the line with the horizontal, or, 
as it is usually called, the slope, must be known as well. 
However, it can also be shown mathematically that the 
slope of the heat ratio line is determined only by the 
sensible heat ratio. Regardless of all other considera- 
tions, once the sensible heat ratio is known, the heat 
ratio line can be drawn. 

Table 1 gives values of the angle which the heat ratio 
line makes with the horizontal for various values of the 
sensible heat ratio; these angles will henceforth be called 
the “heat ratio angles.” Fig. 3 illustrates how these 
angles are measured on the psychrometric chart. The 





center of a protractor is laid on the psychrometric chart 
at the point A representing the room condition. The 
heat ratio angle is measured from the horizontal line 
passing through the point A. The horizontal line pass- 
ing through the point 4, is, of course, the dew point 
temperature of the conditioned room. 

In Fig. 3, two heat ratio lines are shown drawn 
through a room condition of 75 F dry bulb and 50 per 
cent relative humidity. One line is for a sensible heat 
ratio of 0.90; that is, 90 per cent of the total heat gain 
of the room is sensible. The second line is for a 
sensible heat ratio of 0.70. Naturally the 0.70 line is 
steeper than the 0.90 line since more latent heat must 
be absorbed by the air supply when the sensible heat 
gain in the conditioned room is 70 per cent of the total 
than when it is 90 per cent. Inspection of the two heat 
ratio lines shows that for the same dry bulb tempera- 
tures the dew point temperature of the air supply for 
the 70 per cent condition must be lower than for the 
90 per cent condition. 


[Next month, the solution of typical problems by this method 
will be shown.—Eprror. | 

















DESIGN OF MODERN 
INDUSTRIAL PIPING SYSTEMS 


THE SUPPORT OF PIPE LINES 


HE structure supporting a pipe line is considered 

an integral part of the piping system and is given 

such consideration in the following discussion. 
The authors have confined their efforts to presenting a 
simple method for determining the location of pipe sup- 
ports. In a later issue, determination of the size of the 
support will be discussed. 

The methods here described have been found by appli- 
cation to be practi€al, efficient and economical. In many 
instances where piping is transporting a fluid having a 
temperature greater than atmospheric, preference is given 
to hanging the pipe from, rather than supporting the 
pipe on, the support. This method is believed to have 
a decided advantage, since the deflection of the pipe due 
to thermal expansion can be more readily concentrated 
at the anchor points, thus relieving the supporting struc- 
ture from this force. The slightly increased weight of 
structural components due to eccentricity of loading is 
more than compensated for in the cost of ball bearing 
rollers and guides, which are recommended instead of 
the ordinary roller. When pipe is supported on ordi- 
nary rollers and without guides, it is important that con- 
sideration be given the friction load, and the possibility 
of the pipe disp'acing itself on the rollers. If this is 
carefully considered it will be found that very little if 
any economy can be gained by the use of ordinary rollers. 

If the pipe is not subjected to temperatures higher 
than atmosphere, it may then be of advantage to sup- 
port the pipe directly on the structure. In this case 
the pipe is considered to be a continuous beam between 
the supporting columns and may be supported without 


F. L. Snyder* and T. E. Bridge { | 
Considering the structure supporting an in- 

dustrial pipe line as an integral part of the 

piping sys:em, the authors present here 
methods which have been found by applica- 
lion in daily plant piping design work to be 
practical, efficient, and economical. . .Design 
data are presented in chart and table form, 


and their uses are explained with examples 


*Engineering Department, E. I. duPont de Nemours & Co., 
Inc., Wilmington, Del. Member of Board of Consulting and 
Contributing Editors. 

tEngineering Department, E. I. 
Inc., Wilmington, Del. 


duPont de Nemours & Co., 
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the use of rollers, but with an ordinary “U” bolt or 
pipe chair. With this method the weight of the support 
ing structure is considerably reduced. When this ar 
rangement is used it is obvious that the normal expan- 
sion thrust due to atmospheric changes must be consid- 
ered. 

When pipe is hung from the support as shown in 
Fig. 1, provision should be made for movement in any 
direction. The hanger rod, either stationary or swing 
type, should be designed to give minimum resistance to 
movement. If the stationary type is used the length 
should be sufficient to reduce the bending moment of the 
rod due to lateral movement of the pipe. Fig. 3 shows 
suggested designs for pipe hangers together with lead 
ing dimensions of component parts. 


Design of Spring Hangers 


Where thermal deflection of the pipe line is to be ab 
sorbed in a direction change such as shown in Fig. 2, 
spring hangers are suggested. In this case the spring 
hanger should be designed to support the pipe in the 
deflected position to relieve the pipe of unnecessary 
strains due to dead load deflection. Table 1 will simplify 
the selection of the proper spring; these data are com- 
piled from A. M. Wahl’s article in 4. S. M. E. “Applied 
Mechanics,”” March, 1935, in which it is stated that 


P= dS / 5.093rhk 
where 
P = Safe load capacity of spring 
S = Fibre stress in lb per sq in. 
K = (4C — 1) / (AC 4) + (0.615 /C) 


Stel onory type 
reg hovger 
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Fig. 1 (left)—Stationary type rod hanger. Fig. 2 (right) 
Where thermal deflection of the line is to be absorbed 
a direction change, spring hangers are suggested 
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( =2r/d (For round wire) 
d = Diameter of round bar spring wire, in inches 
r = Mean radius of coil in inches 


It will be noted that the safe carrying capacity of the 
springs shown in the table is based on a fibre stress of 
69,000 Ib per sq in. This has been found to be a good 
general value for all sizes of springs when used for sup- 
porting pipes. However, if any other value of stress 
is desirable, proceed as described in the following ex- 
ample :— 


Assume a 5 in. mean diameter spring constructed of 
1 in. diameter wire. As shown in the table this spring 
will carry a safe load of 4150 Ib, and each coil will de- 
flect 0.3645 in. The spring when designed with a stress 
of 50,000 Ib per sq in. will support a load of 3010 Ib or 
50,000 *« 4150 / 69,000 = 3010 Ib, and each coil will de- 
flect 50,000 « 0.3045 / 69,000 = 0.2645 in. The springs 
shown in the table are designed with round bar spring 





wire. , 
Distance Between Supports 


In determining the distance between pipe supports 
consideration must be given to (a) The fibre stress 
created in the pipe walls due to internal pressure. (b) 
The fibre stress created in the pipe walls due to dead 
load deflection. ‘The stresses in the pipe wall due to 
internal pressure combine at right angles to the bend- 
ing stress. However, the complete and accurate solu- 
tion of the true resultant stresses set up from this com- 
bination of bending and bursting, is complex and beyond 
the scope of this paper. For practical purposes these 
stresses are assumed to add arithmetically. This, inci- 
dentally, introduces a safe margin. 

In order to simplify the work necessary to determine 
these values, nomographic charts Figs. 4 and 5 were 


Heating -Piping . 
aiAir Conditioning 





constructed. Fig. 4 is based on the fundamental beam 
formula 
A =5WL* / 384E/ 
S = WL*y / 81 or WL? / 8Z 
“nere 


D = Nominal diameter of pipe in inches 

A = Greatest deflection of the pipe between supports 

W = Weight of the pipe in lb per lineal in. including 
weight of contents, insulation and ice if any 

L = Length of pipe between supports in inches 

E = Modulus of elasticity of the pipe material at the 
working temperature shown on Fig. 6 

! = Moment of inertia of the cross section of the pipe, 


shown in Table 2 
S = Fibre stress in lb per sq in. on the most strained 
fibre of the pipe material at the working temperature 
shown on Fig. 6 
y = Distance from neutral axis of pipe to the most dis 
tant fibre in inches, or the outside diameter of the 
pipe as shown in Table 2 divided by 2 
Z = Section modulus //y as shown in Table 2 
It will be noted that the formula used to construct 
Fig. 4 is expressed as A = 5 X 1728 K WL*/ 384E/, 
and S= 12 WL?/8Z. This permits the length and 
weight of the pipe to be referred to in foot units rather 
than inch units as expressed in the fundamental formula. 
This formula assumes that the pipe is hinged at each 
support. Actually, the pipe in most cases is rigidly 
supported, but since the positive reactions that exist at 
each support are not known, it has been found advisable 
to assume the pipe supported freely and without bend 
ing. This of course, is the extreme case. If the pipe 
were restrained at the supports, the stress and deflec 
tion would be considerably reduced. Therefore, a very 
definite safety factor exists in Fig. 4. 


Fig. 5 is based on the A. S. M. E. power piping code 
formula for determining fibre stresses in pipe walls due 
to internal pressure and is expressed 
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Fig. 3—Suggested 
designs and dimen- 
sions for pipe hangers 














X= Minimum Pength when turnbuckle 43 vsed. 
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Table 2—Properties of Pipe 
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FORMULAE: 

P+ Uitimeate bursting pressure /b3. per sg.iN. 

f= Fibre stress in pounds per sq.in. 

A-Areo of metol in $9.10. 

I= Momert of inertia of pipe section. 

2+ Section modulus. 

Fr* Fodius of gyrotion. 

Q: Strength tactor, representing the 
strength of the pipe to resist bend- 
ing action, and is the resisting mo- 
ment in thousands of foot pounds 
the stress in the material being 
27000 pounds per square inch. For 
any other allowable stress in the 
moteria| the resisting momen? 's 
directly proportional. 

y~ Orstonce of tarthest fibre from ax's 

0° External diameter of pipe 
2*/nternal diameter of pine 

t= Thickness of pipe walls. 


Tri ; 
= 4 4) t 
J= 0. 0491(D, -0;) Pe 4a 


Z-00962 (2-2) Re 40% OF 
9- EQ0T RRUNDS = $x 20 210004 = 2% 


PIPE Watt THICKNESS 
Mirumum thickness of pipe wall of differ - 
ent pressures ond for Temperatures 20r 
exceeding 750 F for steel or wrought iron 
pipe ; 406 F for brass ond copper pipe; 
ond 450 © for cast iron may be & termined 
oan formule 2 of the ASME. Pressure 
Mg code, in which 
ae . (Po/25)+C or Pa (23/0)( t-C) 
where 
Gn* Minimum pipe wall thickness in inches, 
P= Internal pressure /bs. per $9.in. gouge. 
Colus wofer hommer ollowance in cas2 
ef cost iron pipe conveying /iguids) 
O-Aetuel ovtside Ham. of pipe ir wehes. 
. J-Pilewable stress in moterial /bs. per sg.in. 
, C*Focter for ellowonce tar threoding, mechan. 
sco/ strength ond for corrosion. 


"C° VALUES 
MATERIAL ‘C “Facror 
Cast iron pipe. 0.14. 
eo # © pt cost 0.18 ~ 
Threaded stee/ or wrought ires, Lepth of thrd 
Grooveg “ * eS 
Plainend® = * - ad 
"ond smotler 0.05 
Plan end see/or wrought iron 
5/2@8 above |” 2.065 


? = Plain end includes pipe joined by 
“lored compression couplings, /aps or 
von stone JSoats, ond by welding. 


‘S* VALUES 
MATERIAL VALVES of “S” 
| Sree/ pipe: seamless Grode C (AST. 4-4-106) /4000 
(= -* * ~ “Baste BSS) 11500 


“8 ~ = #EASTMHSS) 9000 

. "  * lopwelded (ASTM AS3) Tooo 
; Wrougit iron pepe hopwelded (AST.A92Z2 $300 
! “ * buttwelded (A357. A-72) 4500 

Gross pipe, seomless (8.5.74. B-43) 4500 
Copper pipe. seamless (ASTM 8-42) 4000 

* tubing ~ (ASTM E25) 4000 
:* od ~ (ASTM 8-88) 4000 
iCost iron pipe(FS.B.WW Pd2i) 6000 
NOTE: ” pit cast (AWWA) 4000 
Spe with woll thicknesses marked. 
© sInacares Full “ye ws stee/pipe. 


_ ” 

, Jou Ayes 4 heavy stee/p/p¢ 
+ oe ch oat is 9 3/zZes 

| mon red &n order arly. 
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NOTE 
Wa// thickness of fui// weight pipe ld’and obove +375" 
Wall thickness of extra strong pipe l4'ond above «.50* 
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Fig. 4—-Deflection of pipe between supports 
S=fFerw seen that grade A pipe at 500 F may be stressed to 14,000 Ib 
where per sq in. Since it is necessary to allow for expansion strains, 


S = Fibre stress in lb per sq in. 

P = Internal pressure in lb per sq in. gage. 
= Thickness of pipe wall in inches. 

d = Outside diameter of pipe in inches. 


~ 


Example Shows Use of Charts 


\n explanation of the use of the charts is given by 
the following example: 


Assume a 10 in. full weight grade A steel pipe line transport- 
ing steam at 150 lb per sq in. gage pressure, and having a total 


temperature of 500 F. From the curve in Fig. 6, it will be 


and for corrosion, the permissible stress allowed for dead load 
deflection in this to internal 
6000 Ib per sq in. (This is conservative. Except for extremely long 
it 
safety ). it 
weight steel pipe weighs 40.48 lb per ft. 
tion for 10 in. pipe having a temperature of 500 F is 15 lb per 
which gives the weight of 


case, and stress due pressure is 


lines a fairly generous margin of 
found that 10 full 
The weight of insula- 


is good practice to use 
9 


Referring to Table 2 is a in. 


ft. This value is shown in Table 3, 
¥5 per cent magnesia insulation for all sizes of pipe and tempera- 
tures up to 600 I. 

Summarizing the values known in the problem 


D = Diameter of pipe = 10 in. full weight steel 


WV” — Gross weight of pipe per ft = 40.48 + 15 \pprox. 56 lb 
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Well thickness of extra strong 
/’ arid above =.50" 


pipe 


Wall thickness of tu/! weight 
pipe /4"and above =.375" 


NOTE 


Fig. 5—Fibre stress in pipe walls due to internal pressure 
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S= Allowable Fibre Stress Lb per Sg /n.x 10" ASTM Spec. 4-106 
~ 


E«Modulus of Elasticityxl0* 6.A.Orrok, ASME Trar’s. /928 
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©» 
4 = Thermal Expansion of Pipe in Inches per 100 F¥ of Pipe 
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Srmifhsoriiat Tables 
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500 1000 


Workir1g Ternperature F 


Fig. 6—Modulus of elasticity, 
allowable fibre stress, and 
thermal expansion of pipes 


P = Internal pressure, lb per sq in. gage, = 150 

S = 6000 Ib per sq in. (allowed for bending and bursting). 

Determine the following: 

a—Fibre stress in pipe walls due to dead load deflection and 

internal pressure. 

b—The deflection of pipe between supports. 

c—The distance between supports. 

First calculate the stress due to internal pressure. Refer to 
Fig. 5. Draw a line X-X intersecting P line at 150 lb per sq in., 
and D line at 10 in. full weight steel pipe. Read on S line at 
the intersection of X-X line, the fibre stress in lb per sq in. due 
to internal pressure, which in this case is 2200 lb per sq in. 
From the example it is noted that the total permissible stress 
due to internal pressure and dead load deflection is 6000 lb per 
sq in. Subtracting the stress value due to internal pressure 
just determined, it is found that the allowable stress due to 
dead load deflection is 6000 — 2200 = 3800 Ib per sq in. 

Now, refer to Fig. 4. Draw a line X-X intersecting WV line 
at 56 lb per ft, and the D line at 10 in. full weight steel pipe. 
Project this line to reference line R. Draw a line Y-Y inter- 
secting reference line R at intersection point of X-X line, and 
intersecting S line at 3800 Ib per sq in. Read on the L line the 


Table 3—Weight per Foot of Pipe Insulation 





——y- - — 

| Momtmniac. WEIGHT OF INSULATION CORRESPONOING TO | 

| SPEC. FIED THICKNESS AT WORKING TEM 
PIPE a aa 

| 212 F | 267F | 338 f| 388 Ff | Soo Ff 


i ro bad fo ro rT 
266 * | 337 | 387 | 499 | S00 Fr 
; + 








thes 
e 1 
| > 72 72 | .72 | 156 | 2.52 | 
4 } 
| 2 | 64 | 64 | 84 68 276 | 
i” 36 | 6 | 96 | 492 | 5.00 
la" | 410 ° oO | 204 | 32 
} | | 
$° | 420 | 420 | f20 | 220 i 936 | 
| 2° | 456 | 456 | 252 | 384 | 3.9% | 
| 2#° | 460 | 180 | 268 | 420 | 439 | 
| 9° | Zee Zoe | 324 | 480 | 499 | 
} 58° | 220 | 278 | 360 | Su | S40 | 
| £ 2% | 2% | 396 | 564 | 660 | 
i T t t + ; 
5” | 32 | 456 | 660 | 768 | i420 | 
| 6” | 364 | 576 | 744 | 864 |/248 | 
| 6 | 4278 | 660 | 923 | /2.00 | 15.00 | 
10" 6 50 292 -10 | 1430 | 1800 | 
}+— + + + t t | 
|_/2*_| 225 | 923 | /27 | 20.30 | 20.30 
| 130 11 30 (S00 | 2250 | 22.50 
' + + + t + 4 
| | #260 | /260 | 480 | 250 | 2510 | 
| 4490 | 13.90 | 17230 | 2770 | 277 | 


™% * ~ 
RI aia ik 


| 4420 | 1520 | 2030 | 3a4o | Sado | 
(7.90 | 1790 | 2380 | 9570 | 3570 


The weights ore per foot of Finished inswie- 
tion on the pipe, end ore bosed on eccepted 
speci tied thicknesses. They do 20 include 
weother- proof covering 


t-% for TherrmalExparsion 


digtance between supports, which in this case is 36 ft 6 in. 
Draw a line Z-Z intersecting the reference line Ri: at the point 
of intersection of the X-X line, and intersecting the L line at 
the point of intersection of the Y-Y line. Project this line to the 
A line and read the maximum deflection of the pipe between sup- 
ports, which in this case is 0.49 in. 

For very exacting conditions where it is necessary to 
calculate each problem Table 2 has been constructed ; 
from it, physical values of commercial pipe sizes are com- 
bined for easy reference. 

Fig. 6 is reprinted from the April, 1935, HEaTING, 
PIPING AND AIR CONDITIONING’ and shows the permis- 
sible stress and modulus of elasticity at working tem- 
peratures, as well as the thermal expansion of different 
pipe materials at working temperatures. 


‘Design of Modern Industrial Piping Systems—Flexibility of Piping,” 
by F. L. Snyder, HEATING, PIPING AND Arr ConpbiTioninG, April, 1935, 
pp. 181-186, 





Air Conditioning Installations 


The following data on number of air conditioning in- 
stallations and connected horsepower for the first eleven 
months of last year compared with the twelve months of 
1934 supplement the air conditioning review published in 
the January, 1936, H. P. & A. C., pp. 1-2:— 


Torat Dec. 1, 1935, 
INCLUDING Prior 
ro 1934, 1934, AND 11 
MontTus oF 1935 


Jan. 1-Nov. 30 
1935 1934 
(11 Montus) (12 Montus) 
TERRITORY No. He No. Hp No. He 


ARKANSAS 


Pine Bluff .... 23 251.5 8 13 $1 264.5 
CONNECTICUT 

Hartford ..... 14 172 5 507 28 1002.5 
MASSACHUSETTS 

BOER sa cesuce 256 1603.5 44 2735 139 9040.5 
OHIO 

a eer ere 20 149.5 38 269.25 87 1601.75 
RHODE ISLAND 

Providence ... 8 99 10 105 21 834 








utdoor ‘Temperature Graph Aids in 
eating Building for Morning Occupancy 


HE “manual and erasable” graph illustrated was 
developed at the Equitable building, New York 
City, to show graphically the trend of the street 
temperature. Since office occupancy starts at 9 a. m. it 
is necessary that the building be adequately warmed by 
that time. 
at a time dependent on outdoor temperature, the time 


This requires early morning heating to start 
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Time —temperature graph in_ use, 
above, and, below, diagram of layout 


100 


By Joseph W. Degen* 


heat is off and extent and the time the temperature has 
been below 65 F. 

As an aid to the engineers in determining when to 
turn on steam, several recording and indicating ther- 
mometers and a steam meter previously were provided. 
The recording thermometer shows the street tempera- 
ture on a 10 in. circular chart, which is checked by a 
remote bulb indicating thermometer. In addition, a 30 
point remote station electrical indicating thermometer 
gives the street temperature as well as the temperatures 
at some twelve “key” rooms in the building ; these latter 
readings are taken at stated times and entered on a log 
by the engineer on watch. 

However, it was found that despite the attention re- 
quired of the engineers through the actual writing of the 
readings on the log, the work sometimes became routine 
to such an extent that, once or twice a season, a sudden 
drop in temperature or a continuous abnormally low 
temperature was not appreciated sufficiently and soon 
enough to permit adequate heating by the 9 a. m. dead- 
Apparently what happened was that, as the last 
reading was noted, a mental comparison was made only 
with the previous reading so that the continuous drop of 
a degree or two per hour did not assume much signifi- 
cance. The continuity and extent of the change, even 
though shown on the circular chart, was difficult to see 
and appreciate until almost a full revolution of the chart 
had taken place. 

The graph shown here was developed to overcome the 
difficulty, and it supplements use of the instruments. As 
the hourly readings are taken, a peg is inserted in the 
hole corresponding to the time and temperature; this 
gives a definite “living” record which is started new 
each afternoon at 4 p. m. and continued to 10 a. m. the 
next day. 

The chart is laid out to permit the insertion of extra 
legends on the time ordinate for the periods from Satur- 
day noon to Monday morning and from 4 p. m. on the 
day before a holiday to the morning of the day after the 
holiday. These cards are seen hanging from the lower 
right hand corner of the graph. 

When designing the original layout it was thought 
that a cord from peg to peg would be necessary prop- 
erly to delineate the curve; this cord, on a re-winding 
reel, is seen in the lower left-hand corner. It has not 
been used, since it was found that the use of large headed 
golf tees for pegs gives sufficient continuity to the curve. 

The results from the use of the graph have been quite 
satisfactory. The engineers accepted the gadget en- 
thusiastically with the claim that they can now not only 
see the trend of temperature but can see it from a dis- 
tance due to the size of the board. They also get a good 
mental image of the temperature record each time a 
peg is inserted. 


line. 





"Supervising Engineer, Equitable Oftice Building Corp., New York, N. Y. 
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Corrosion Studies in Steam Heating 
Systems 


By R. R. Seeber,1 (MEMBER), F. A. Rohrman,? and G. E. Smedbergs (NON-MEMBERS) 
Houghton, Mich. 


This paper is the result of research sponsored by the 
American Society of Heating and Ventilating Engineers in co- 
operation with the Michigan College of Mining and Technology 


HIS paper is the second of a series presenting in- 
formation obtained in the investigation of cor- 
rosion in steam heating systems.* 

Up to the present time 40 corrosion tests have been 
conducted at various pressures and with various gas 
concentrations. In them the following points were con- 
sidered : 

1. The effect of pressure on the corrosion rate. 

2. The effect of oxygen and carbon-dioxide on the corrosion 
rate. 

3. Correlation of the rate of corrosion, as measured by the 
corrosion tester, to the actual life of pipe. 

4. An electric resistance method of determining corrosion rates. 


The results of these tests are offered now 
in order to make the information available 
to those interested and thereby to promote 
discussion. However, many additional 
tests are necessary before the role that each 
factor plays in the corrosion problem is 
fully understood. 

The authors wish to stress the effect of 
change in certain operating conditions upon 
the rate of corrosion and to call attention 
to a method of determining rates of corro- 
sion which seems to offer the possibility 
of greatly reducing the time required for 
such tests. 


Description of Apparatus Used 


The corrosion testing apparatus is essentially a closed 
and wet-return type of heating system which is similar in 
construction to the ordinary steam house-heating system, 
consisting of steel piping and cast iron radiators. It uses 
a 66-gal boiler for generating the necessary steam. In 
the boiler are inserted four immersion-type heaters with 
a total capacity of 9 kw. The pressure of the system is 
kept constant by proper controls. From the boiler, steam 
flows through four corrosion loops in which the elements 
for the determination of the rate of corrosion are placed. 
At the bottom of each corrosion loop, valves are located 
to draw off the samples of condensate for analysis of 
oxygen and carbon-dioxide content and for pH values. 
A 40 sq ft radiator is in the line midway between the 


1Professor of Mechanical Engineering. 

Assistant Professor of Chemistry. 

3Research Mechanical Engineer. 

“See Corrosion Studies in Steam Heating Systems, A. S. H. V. E. 
Transactions, Vol. 40, 1934. 

Presented at the 42nd Annual Meeting of the American Soctrety 
or Heatinc anp VENTILATING Encrinemgrs, Chicago, Ill., January, 1936. 
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second and third corrosion loops. The condensate ‘and 
the steam from the last loop flow into a 16-gal receiver 
and thence to the boiler. To cut down infiltration of the 
atmospheric gases, all valves above the water line of the 
system are packless and all joints are tight. A Beach- 
Russ vacuum pump is used to maintain a vacuum when 
desired. 

Distilled water is added to the boiler by means of a 
connection on the top of the boiler; city water is added 
through the feeder line. 

The temperatures at the boiler and at the top and bot- 
tom of each loop are recorded by thermometers in suit- 
able wells. The temperatures of the bottom part of loops 
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Fig. 1—Line diagram of corrosion test apparatus 


3 and 4 are measured by recording thermometers. The 
pressures in the boiler, at the top of each loop, and in 
the receiver are indicated by mercury gages. 

When a sample of the steam is being taken for anal- 
ysis, it is necessary to entrain in the condensate all of the 
gases accompanying the steam. This is done by the use 
of a water-cooled condensation coil (Fig. 4). 


Methods of Withdrawing Condensate Samples 


One of the most difficult procedures encountered is 
that of withdrawing from the apparatus a sample of 
condensate accurately representative of the conditions 
inside the system. In the course of the first eleven tests 
four different methods were tried before satisfactory 
ones were found. They were: 

1. Nitrogen method (Fig. 5). 

2. Bottle-train method (Fig. 6). 

3. Mercury-bottle method (Fig. 7). 

4. Water-syphon method (Fig. 7). 
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Fig. 2—View of boiler 


In the first method a stream of nitrogen was used to 
expel the air from a vertical pipe section attached to the 
loop. The condensate was then collected in this vertical 
section and forced out into the collecting bottles by 
means of a stream of nitrogen. This method, though 
preventing the pollution of the condensate by the air, 
gave a lower concentration of oxygen and carbon-dioxide 
because of the high partial pressure of the nitrogen, and 
was therefore discarded. 


pperrigy 


Fig. 3—View of apparatus 
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In the second method the condensate was permitted to 
flow through a train composed of two bottles which were 
connected in series below the loop. With this method 
it was possible for the air originally in the bottles to 
contaminate the sample of condensate. To overcome this 
objection a third method was devised which proved suc- 
cessful and is being used. In it the air in the bottles is 
expelled by means of mercury, and as the mercury is 
withdrawn the condensate flows in to replace it. Appar- 
ently this method gives a sample of condensate which is 
as representative of actual conditions as can be obtained. 
The fourth method consisted of the use of the same bot- 
tles as in the third method, with a vacuum produced in- 
side the train by the use of a water syphon. After a 
vacuum was obtained inside the train, the valve from the 
loop was turned on and the train filled with condensate. 
This fourth method, like the third, appeared to be en- 
tirely acceptable and is being used in the work. 

Washed asbestos, glass wool, and cotton filters are 
used in filtering the condensate sample as it is withdrawn 
from the loop. Cotton filters seem to operate with the 
least difficulty. 


Description of Tester and Method of Cleaning 


The corrosion tester used in this work is of the type 
devised by the National District Heating Association 
(Fig. 8). It consists of a standard 34-in. pipe plug, 
into which is threaded a brass retaining frame. The 
corrosion specimen consists of three helical coils mounted 
in the frame and insulated from one another and from 
the supporting frame by micarta couplings. The ter- 
minal micarta couplings are threaded into the frame and 
the pipe plug. 

The coils are made of Bessemer steel wire 0.05 in. in 
diameter ; the steel had been taken from a heavily cropped 
ingot (below the upper one-third), and pickled and 
annealed. The coils are approximately 11/32 in. in out- 
side diameter and 1 in. in length, and weigh approxi- 
mately 3 grams. Except for the coils, all metal surfaces 
exposed to the corrosive action are protected by Sarva 
paint. 


ee ee 




















Heating -Piping 
aiAir Conditioning 


February, 1936 


The accompanying table shows the analysis of the 
wire used in making the coils.® 


INI oi eccutauancaae cman ca 0.10 per cent 

RN pasado uy once cemelarkis huh 0.07 per cent — 0.08 per cent 
PE.  nwacndiusciénsanvre an’ 0.04 per cent — 0.10 per cent 
ee er ee ae Pee ee 0.08 per cent — 0.10 per cent 


During the progress of the work many methods were 
tried to clean the wire samples before use. Two methods 
have been particularly successiul. The first, suggested 
by the National District Heating Association, is given: 
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Fig. 5—Nitrogen method 
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The coils are placed in a flask, containing ether or 
carbon tetrachloride and equipped with a reflux con- 
denser, and are boiled for approximately 30 min. The 
coils are then removed from the solvent and dried at a 
constant temperature of 107 F for two hours. 

The second method consists of immersing the coils in 
a solution of dilute sulphuric acid and drying them with 
benzol or acetone. 

Of several methods of cleaning the samples after use, 
it was found that the most satisfactory is to boil the coils 
in a solution of sodium hydroxide and zinc and dry them 
with pure benzol. Other methods which were tried in- 
cluded the following : 


1. Cleaning the coils by passing an electric current through a 
slightly acid solution, the wire samples being used as the cathode. 

2. Immersing the coils in a 0.33 per cent solution of sulphuric 
acid for a short period of time. 

3. Immersing the coils in a 15 per cent solution of sulphuric 


acid with 5 per cent of the inhibitor. (Super-In-Control.) 


®Analysis by American Steel and Wire Co. 
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Method of Procedure in Test 


At the beginning of each test a new set of wire coils 
are cleaned, weighed, and placed upon the insulating 
frames. Water is added to the boiler, together with the 
amount of chemicals needed to produce the required type 
of steam, and the apparatus is started. After the steam 
has been tested and found to be as desired, the corrosion 
testers are placed in their respective loops and new charts 
are placed in the recording thermometers. The system is 
then operated for approximately 200 hours. 

The first condensate samples are withdrawn for anal- 
ysis the day after the test is started, and the second and 
final samples the day before the test is completed. 
Usually, also, both the condensate and the steam are 
analyzed the day the test is ended. 

The gages are read each time an analysis is made. 
After the test has been conducted for the required length 
of time, the apparatus is shut down and the corrosion 
coils are removed from the loops, cleaned of their prod- 
ucts of corrosion, dried, and weighed. From the loss in 
weight the corrosion rate in inches penetration per year 
is calculated by the following formula: 


A 
BXC 


R= 





where: 

R = corrosion rate as average penetration in inches per year. 
A = loss of weight in pounds per square inch. 
B = weight of metal in pounds per cubic inch = (0.2782 Ib.) 
C = duration of the test in years. 


Method of Analysis. 


The reagents and the methods of analysis used in this 
work are those recommended by the National District 
Heating Association, with certain additions and varia- 
tions. 

The samples, after being withdrawn from the test set- 
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Fig. 6—Bottle-train method Mercury-bottle method 
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Fig. 8—Corrosion test loep 
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up, are placed in a cooling vat and cooled to 20 C; they 
are then analyzed for oxygen, carbon-dioxide, and pH 
value. 

The Winkler method of oxygen analysis is used 
throughout. 

Three methods of carbon dioxide analysis were tried, 
two of which were discarded. The first method consisted 
of adding to 100 cc of the condensate sample 25 cc of 
barium hydroxide, and titrating with HCl to the 
phenolphthalein end-point. This method of analysis, it 
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was found, introduces the possibility of considerable 
error unless enough barium chloride is added to reduce 
greatly the solubility of barium carbonate. Further, in 
it the time element presents a difficulty: if the amount of 
HCl necessary to titrate the solution is added and a 
period of 5 to 10 min is allowed to elapse before more 
HC1 is added, the results obtained by this method do 
not check those obtained by the other methods. 

The second method was by direct titration with sodium 
carbonate. 

The third method was by direct titration with barium 
hydroxide (Dr. Guernsey) to the phenolphthalein end- 
point. (Ba(HCO,).). This method was found to be 
much more rapid and accurate, and is being used. 

During the greatest number of tests the pH value of 
the condensate was measured by a quinhydrone set, 
where accuracy was determined by checking it against 
that of another of the same type, against a comparator, 
and against standard buffer solution. Later tests have 
made use of a glass electrode for measurement of the 
pH value. 


Carbon Dioxide—pH Relationship 


To test the quinhydrone set-up and to study the effect 
of carbon dioxide on the pH value, a series of tests was 
conducted by saturating different solutions of distilled 
and tap water with carbon dioxide and measuring the pH 
value. (Fig. 9 shows a curve for pH as related to car- 
bon-dioxide content for tap water and for distilled water 
and also shows the theoretical curve of the relationship. ) 
The close comparison of the actual with the theoretical 
values appears to confirm the accuracy of the method of 
analysis. 

Time Required for Tests 


In order to determine the correct length of time for 
each test, the time taken for the first eleven tests was 
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varied from one to four weeks. A period of about 200 
hours was found to be the most desirable. 


Pressure vs. Corrosion Rate 


The effect of pressure upon the corrosion rate was 
studied during the first eleven tests by using the same 
quality of steam but varying the pressure from 20 in. 
Hg vacuum to 2 lb per square inch gage. 


Discussion of Results 


The corrosion rates in loops 1 and 2 on the supply 
side of the radiator were practically zero for every con- 
dition of operation. This result was expected, as it is 
found in practice that supply lines are not much cor- 
roded. Since this is the case, the discussion concerns 
itself with only the loops 3 and 4 on the return side of 
the system and may be divided as follows: 


Relation of pressure to corrosion rate. 

Relation of rate of condensation to corrosion rate. 
Relation of temperature to corrosion rate. 

Correlation tests. 

5. Electric resistance method of determining corrosion rates. 


m Ww 2D 


1. In the tests the steam qualities were kept as nearly 
constant as possible, while the system operated at various 
pressures ranging from 20 in. Hg vacuum to 2 Ib per 
square inch gage. Previous to these tests the system 
.was made as tight as possible by several applications of 
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shellac to all the joints of the system while under 
vacuum. Table 1 gives the data of the first eleven tests 
used as the basis for the curve shown in Fig. 10. This 
curve gives the relationship of the corrosion rate in loop 
No. 3 to the operating pressure, several factors influenc- 
ing this relationship. At the higher pressures the gases 
are forced to stay in solution and the rate of flow of 
condensate is greater, both conditions acting to increase 
the corrosion rate. Under vacuum operation the gases 
terd to be drawn from the solution and the rate of flow 
is lower. 


2. The rate of flow of condensate has an important 
bearing on the corrosion rate. Fig. 11 shows the rate 
of condensation in the various loops of the system under 
different pressure conditions. It is difficult to compare 
the corrosion rate as obtained from this apparatus with 
that in a large commercial installation, because of the 
small rate of flow of condensate. The higher velocity 
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Table 1—Data as Basis for Curve 10, with Steam Qualities Constant 
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rosion rate increased with the temperature 























| 
Test | Loop | GAGE AVERAGE | AVERAGE _Connosson Rats _ pans. /eR = 1000 
No. | No. | Pressure| Temp. | PH | 
LB/SQIN. | F A 8 c 
1 | 3 2b | 109 | 8.3 | 9.63 | 12.41 | 9.13 
1 | 4 2 Ib | 9% | 8.0 10.29 | 10.82 | 10.32 
2 3 2b | 109 | 7.4 10.13 11.36 8.97 
2 4 2b | 94 | 7.0 10.55 | 7.28 | 10.50 
3 3 | 20 in. Hg 10 | 82 | 1.20 | 0.475) 1.82 
3 | 4 | 20 in. Hg 110 8.2 6.19 8.62 | 7.11 
4 | 3 |'20 in. Hg 101 8.0 6.17 | 2.94 | 3.08 
4 4 | 20 in. Hg 93 | 7.7 | 13.02 11.16 | 9.00 
5 3 0 Ib | 101 7.3 | 11.93 | 14.00 | 15.00 
5 4 0 lb | 88 | 7.1 | 6.31 | 56.72 | 7.60 
6 3 ob | 7 | 83 | 1.13 | 0.75 | 0.89 
6 4 Ob | 40 | 77 | 3.67 | 2.57 | 3.53 
7 3 Olb | 83 | 6.02 | 8.34 | 9.54 | 7.71 
7 4 0 Ib 2 | 59 | 8.39 | 6.24 4.99 
s 3 lib | 87 5.8 | 10.44 | 10.43 | 7 .69 
8 4 1 lb 83 5.8 7.30 8.52 5.70 
9 3 1 Ib 115 5.9 12.06 9.57 | 10.80 
9 4 1 Ib 101 | 5.8 | 14.24 9.72 | 10.79 
10 3 | 10 in. Hg 120 | 69 | 10 | 7.32 | 6.37 
10 4 | 10 in. Hg 115 6.7 | 9.07 | 7.75 | 6.98 
11 3 | 10 in. Hg 137 7.0 | §.40 4.56 | 4.06 
11 | 4 | 10 in. Hg 134 | 7.0 | 7.57 5.29 5.39 
| 





tends to wash off both the protective coatings which form 
and also the products of corrosion which protect the 
metal to some extent. There is a possibility of some 
erosive action in cases of high velocity. 


3. The temperature of the corroding medium is an 
important factor, as brought out by Speller and others. 
A series of tests was conducted with various tempera- 
tures in loop 3. Figs. 12 and 13 show how the corrosion 
rate varied with the temperature. In loop 3 the cor- 
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- up to a certain point and then dropped as 
the temperature increased. This action is 
due to the fact that the increase in tem- 


Dra perature drives the gases from the solution 
10.39 into the gaseous phase above. 
a The curve in Fig. 13, taken from Speller’s 
9.44 Corrosion Causes and Prevention,® shows 
1.20 the effect of temperature in both an open 
a and a closed system. The presence or ab- 
11.07 sence of a gaseous phase above the cor- 
r ~ roding solution has a marked effect on the 
0.92 rate of corrosion as related to temperature. 
— In the arrangement used in this work a 
; . gaseous phase was present in the top of each 
9.52 loop; consequently the gases were able to 
M ~ escape and thus to cause a drop in the cor- 
11.58 rosion rate. 
6.77 
8.27 4. To relate the rate of corrosion as 
—- measured by the National District Heating 


Association Tester, which is given in inches 
of penetration per year, with the actual life of 
pipe, these tests were conducted as follows: 

In the college heating system a pipe loop was inserted 
in a return line. In this loop was mounted a standard 
corrosion tester and a section of black iron pipe in which 
had been milled three spots 0.003 in. thick. Fig. 14 
shows the construction. 

The wire coils were weighed and placed on the retain- 
ing frame, which was then installed in the loop. Water 
was passed through the tester until one of the thin sec- 
tions broke through, the test coils being removed and 
their corrosion rate determined. From the corrosion 
rate and the time in breaking through the thin section 
the correlation was made. 

Each individual test requires about six months to com- 
plete, and several tests are necessary to arrive at an 
accurate average of the relationship. The tests so far 
have been made at atmospheric pressure, the inside of 
the thin section being turned to a smooth surface and 
the thin sections milled. 

The average penetration rate of these three tests 
roughly checks that indicated by the National District 
Heating Associacion testing wires, the figures being 100 
units penetration by break-through to 84 units shown by 
the tester. 
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5. The use of the increase of the resistance of a speci- 
men to determine its corrosion penetration is not new. 
Early use of this method was made by E. Wilson.’ 
Later, J. C. Hudson* made tests with the method to de- 
termine its accuracy, and used it extensively in his study 
of atmospheric corrosion. 

The following discussion deals with the application of 
the resistance method of corrosion measurement in a 
tight iron pipe steam system. The method is based upon 
the proved principle that the resistance of a uniform con- 
ductor varies inversely as the area of its cross-section. 
The fact that the products of corrosion have such a high 
resistance as compared with the resistance of the conduc- 
tor itself makes it possible to measure the true resistance 
of the metal itself without first cleaning it. This has a 
distinct advantage over the gravitational method, which 
requires that the specimen be thoroughly cleaned without 
removing the metal itself. 

In order to measure successfully the amount of cor- 
rosion by the change of the resistance of a specimen it 
is necessary to overcome several obstacles: 


1. Contact resistance. 
2. Type of specimen and holder. 
3. Temperature effects. 


Contact Resistance. When low resistances are being 
measured, the effect of the contact resistance can best 
be eliminated by the use of the Double Kelvin bridge 
circuit. This circuit (Fig. 14) makes it possible to ac- 
curately measure the true resistance between the potential 
leads with only a negligible error due to the contact 
resistance. 

The bridge is operated by first adjusting the branch 

R, R, 
resistors so that — = —. 

Ry, Ra 
is then adjusted until the galvanometer shows no deflec- 
tion upon closing the key. In this state of balance the 
current flowing through the unknown resistance, X, is 
necessarily the same as that flowing through R. The 


The standard resistance, FR, 


TE. Wilson, Proc. Physical Soc., 1926, 39, 15. 
8J. C. Hudson, Proc. Physical Society, 1928, 40, 107. 
J. C. Hudson, Trans. Faraday Soc., 1929, 25, 48. 
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relation between the standard resistance and the unknown 
resistance is then determined by the four branch resist- 
ors—4.e., 
R Rp Ri 
X R. Re 

Type of Specimen and Holder. The ideal specimen to 
use for this system must have necessary strength, proper 
steel composition, uniformity, and large exposed area as 
compared with volume. Further, it must cause a mini- 
mum of errors due to pitting and it must secure proper 
connection of potential leads without introducing a dif- 
ferent kind of metal. It was found that a thin ribbon 
of steel would fulfill these requirements most fully, as 
shown in the following discussion. 

If a conductor of circular cross-section is used, the 
diameter must be reduced in order to increase the ratio 
between the exposed area and the volume. This seriously 
reduces its strength and allows large pitting errors. How- 
ever, by reducing its thickness a conductor of rectangular 
cross-section can be given a larger ratio of exposed area 
to volume without loss of the necessary strength. This 
shape also helps to eliminate the error due to pitting 
since a pit affects only a much smaller portion of the 
cross section. Furthermore, potential leads can be formed 
by splitting the ends of the specimen. Thus both leads 
can be brought out of the corrosive medium before any 
artificial joints are made. 

The preparation of the specimen is important because 
of the necessity of a proper steel composition and of 
uniformity of cross section. Rings about 3% in. in 
width are cut from a standard 2 in. iron pipe and split 
open. These are hot rolled into strips approximately 18 
in. long by 3%4 in. wide by 0.015 in. thick. The strips are 
then ground down as thin as is practical. By careful 
machining the specimen is made as uniform as possible, 
a point of importance when the resistance changes are 
being reduced to penetration units. Finally, the finished 
strips are thoroughly annealed without oxidizing, 

The specimen holder is so designed that the resistance 
readings can be taken without disturbing the system or 





%A detailed description of the Kelvin Bridge can be found in Notes on 
the Kelvin Bridge, Note Book No. 4, by the Leeds and Northrup Co. 


Table 2—Corrosion Test Data with Steam Qualities Constant 

































































— — a Corrosion RATE IN. PENT. /yR x 1000 WATER OF STE —= 
No. | No. | Pressure] Temp. PH © Sem aan ‘con 
petssuet vests 
LB/SQ IN. F A B c AVE. ROMA TesTer 
1 3 2 Ib 109 8.3 9.63 12.41 9.13 10.39 
1 4 2 Ib 93 8.0 10.29 10.82 10.32 10.48 
2 3 2 Ib 109 7.4 10.13 11.36 8.97 10.15 
2 4 2 Ib 94 7.0 10.55 7.28 10.50 9.44 
3 3 | 20 in. Hg 110 8.2 1.20 0.475 1.82 1.20 oo of Te 
3 4 | 20 in. Hg 110 8.2 6.19 8.62 7.11 7.30 
4 3 | 20 in. Hg 101 8.0 6.17 2.94 3.08 4.06 Fig. 14—Correlation tester 
4 4 | 20 in. Hg 93 77 13.02 11.16 9.00 11.07 
5 3 0 Ib 101 7.3 11.93 14.00 15.00 13.64 
5 4 0 Ib 88 7.2 6.31 5.72 7.60 6.54 
6 3 0 Ib 157 8.3 1.13 0.75 0.89 0.92 
8 4 0 Ib 140 7.7 3.67 2.57 3.53 3.25 - 
7 3 0 Ib 83 6.02 8.34 9.54 7.71 8.53 | 
7 4 0 Ib 82 5.9 8.39 6.24 4.99 6.52 R 3p, 
8 3 1 Ib 87 5.8 10.44 10.43 7.69 9.52 
8 4 1 Ib 83 5.8 7.30 8.52 5.70 7.17 ©) at 
9 3 1 Ib 115 5.9 12.06 9.57 10.80 10.81 | | 
9 4 1 Ib 101 5.8 14.24 9.72 | 10.79 | 11.58 Rs R, 
10 3 | 10 in. Hg 120 6.9 6.10 7.32 6.37 6.77 3 
10 4 | 10 in. Hg 115 6.7 9.07 7.75 6.98 8.27 | 
11 3 | 10 in. Hg 137 7.0 5.40 4.56 4.06 5.00 A 
11 4 | 10 in. Hg 134 7.0 7.57 5.29 5.39 6.08 
15—Double Kelvin bridge 
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removing the specimen. The current and potential leads 
are taken out through a split micarta plug. The draw- 
ings in Fig. 16 show clearly the method of bringing out 
the leads and the arrangements made for inserting in- 
sulated thermocouples. 

Temperature Effects. With the use of an iron con- 
ductor and the Kelvin Bridge, temperature has two 
effects: the first is to change the resistance of the speci- 
men as the temperature changes; and the second is to 
set up an unbalanced thermocouple emf when the two 
iron and copper junctions of the potential leads are at 
different temperatures. The latter éffect is easily elim- 
inated by placing the two junctions in an_ ice-filled 
vacuum bottle so that they will remain at a constant and 
equal temperature. 

The resistance of the iron specimen used does not in- 
crease directly as the temperature rises, but begins to 
increase more rapidly at the higher temperatures. One 
way to correct for temperature changes is to take the 
temperature of the specimen at the time of the resistance 
reading and multiply this resistance as read by the proper 
correction factor as taken from a prepared table. This 
necessitates the use of an expensive potentiometer to 
get temperature readings correct to the nearest tenth of 
a degree Fahrenheit. Several additional chances for 
error also enter the measurements, not to mention the 
extra work entailed. A more effective method is de- 
scribed. 

On the same sheet with the resistance vs temperature 
curve is also plotted the emf vs temperature curve of a 
copper and constantan thermocouple. See Fig. 17, which 
shows that for the range of temperatures plotted the 
specimen resistance and thermocouple voltage bear a 
constant relationship to each other. The fact that these 
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curves follow each other so closely is utilized in this 
method. As shown in the circuit diagram, Fig. 18A, the 
thermocouple is combined directly with the bridge cir- 
cuit by being placed in series with the galvanometer. 
The sensitive junction of the thermocouple is placed in 
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Fig. 18A—Diagram of thermocouple connection 




















the corrosive solution near the specimen, but is highly 
insulated from the solution and specimen. The arrange- 
ment and method of insulating are shown in Fig. 16, 

Using the letters on the diagram, Fig. 18A, the mathe 
matical solution is: 


Let 

/ = Current through specimen in milliamperes. 

r = Resistance of each branch of the bridge. 

R = Resistance of specimen at the temperature of cold junction 
zone, 

AR = Increase in resistance of specimen because of tempera- 
ture increase above that of cold junction zone. 

MV =emf furnished by thermocouple in millivolts. 


Assume that the circuit is balanced with the standard 
resistance at R, that the temperature of the specimen is 
above that of the cold junction zone, and that no current 
is flowing through the galvanometer. The equations can 
be obtained from this circuit, 

(1) J(R+ AR) +iér MV —ir=—0 
(3) IR+tr+ MV —ir —0., 
By subtracting (2) from (1) the equation is obtained, 
I[AR=2 MV. 

It is now apparent that by proper control of the cur- 
rent through the specimen, the resistance as read will 
have been automatically corrected to the resistance at the 
temperature of the cold junction zone. It is also ap- 
parent that as the cold-junction resistance of the speci- 
men changes, the current adjustment also must be 
changed in order to bring about the proper temperature 
corrections. The accuracy with which the current must 
be adjusted depends on the temperature difference be- 
tween the cold junction and the specimen. If this is 
about 100 F and the proper current is about 3 amperes, 
the current must be adjusted correctly to the third deci- 
mal (3.000) in order to assure a temperature correction 
to the nearest tenth of a degree. 
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The current is adjusted with the necessary accuracy 
as shown in Fig. 18B. The current in passing through 
the manganin slide wire, AB, produces a voltage drop 
which is balanced against the standard cell. Since the 
electromotive force of the standard cell and the resist- 
ance of the slide wire are constant at room temperatures, 
the scale can be calibrated in amperes. However, since 
the current adjustment is dependent upon the resistance 
of the specimen, it is most convenient to mark the scale 
directly in ohms corresponding to the cold junction re- 
sistance of the specimen. 


Conclusion 


A schematic diagram of the complete circuit is shown 
in Fig. 19. Four thermocouples are 
used in series, an arrangement which 
gives a more sensitive adjustment and 
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t; = original thickness. 
te = final thickness. 
te = Rit:/R2. 


The penetration is then equal to half of the total 
change of thickness since the specimen is corroding from 
two sides. 

P=t,—t/2. 

It is obvious that this penetration calculation can be 
only as accurate as the original thickness measurements. 
With a good micrometer the average thickness can be 
estimated only to the second place. The average thick- 
ness can be measured more accurately by weighing the 
specimen and calculating tthe thickness from the length, 
width, and specific gravity of the strip. 


Table 3—Corrosion Test Data 






























































a better average temperature correc- a <a | a 
: SION = IN, PENT/YR X 1000 
tion. The galvanometer and key are | Ave. | Compas Sees ee Seren s 9 
a ‘ . Test | Loop] Gace | Ave. O2/Ave.COe| Temp. | Ave. PH | 
connected to the blades of a D. P. No. | No. Press.| cc/1 | PPM | oF ' « » Ie ome. 
D. T. switch, so that they can be con- ss a | a ae a = a saaaiiciadlal 
‘ ‘ . , oe Pes an, * a 
veniently used for either current or re- =; 8 0 19 | 41 | 8 | 59 | 7.83 | 5.72 5.32 6.29 
me ~ All ‘ 2) 4 0 2.02 | 48 | 79 | 51 | 5.57 | 4.59 7.91 6.02 
sistance adjustments. All resistors are 13 | 3 0 1.17 35 so.3 | 5.8 | 7.39 6 84 7 67 7 47 
made of manganin in order to avoid 13 4 0 0.993} 36 | 81.7 | 5.8 | 3 13 | 4.96 4.04 4.71 
" : 14 3 0 0.45 25 | 144.9 | 6.3 4.39 | 2.57 0 2.32 
coveeanens due to temperature 14 4 0 0.612 | 25 | 1244.3 | 5.4 5.17 | 1.95 5.11 4.08 
changes. Special note was made of 15 3 0 1.22 | 56 85 | 5.8 13 .339 13.358 12.470 13 .06 
all contacts and connections in order 15 4 0 1.35 58 | 8% | 5.8 5.479 | 5.23 6.469 | 5.73 
luce > rariati t 16 3 0 0.98 | 30 | 104 | 5.8 9.018 8.414 9.616 9.02 

to reduce current variations to a 16 4 0 1.02 | 31 7 | 538 4.606| 5.689| 4.792| 5.09 
minimum. 17 3 0 0.374| 31 | 139 | 5.8 | 11.373] 12.714] 16.566] 13.55 

. — ae 17 4 0 0.582} 48 | 113 5.5 0.9818 0.674| 0.800] 0.82 

u m- 

With this circuit it becomes co 18 3 0 1.08 30 | 108.5 | 5.7 | 17.08 | 17.62 | 20.59 | 18.43 
paratively simple to take a corrected 18 4 0 1.27 33 93 5.7 3.56 | 6.54 3.90 4.67 
resistance reading. Since the current _ : : 0.91 24° | 134.4 | 5.9 | 15.14 | 17.31 | 13.21 | 15 = 

, , , er : 1.17 28 | 105.5 5.9 8.04 5.15 5.45*| 6.2 
scale is calibrated in ohms, it is only “Se ee ee Pee eet: ey Ms 0.977| 2.088] 1.041%) 1.37 
necessary to alternately adjust the cur- 20 4 _fe, CP ees 109 «= f........] 2.813} 1.165] "1.017% 1.50 
; H 21 3 0 1.23 35 97 | 5.6 13 .27 10.88 13.77 12.64 

resistance until both 
rent and standard esistance until bot - : - ap = os | 8s eo a > i 
scales give the same same reading. 22 3 0 1.3 38 |118 | 5.4 | 20.42 | 18.26 7:72 | 18.80 
The current adjustment is made by : ‘ 1.21 40 | 98 | 5.4 | 12.36 | 12.34 | 13.28 | 12.67 
; . 2: é 1.87 | 35 | 101 5.6 | 11.86 | 11.6 14.37 | 12.61 
turning the galvanometer switch to 93 4 - ~~ a ~ rie “~~? ee ee es 
the position marked J, moving the slide 24 3 0 1.25 6 | 110 5.7 | 13.074| 13.22 | 12.75 | 13.01 
. : 24 4 0 1.39 13 96 5.8 9.03 9.25 | 10.44 9.57 
the roximate resistance of the 

A wo app : 25 3 0 1.83 10 9 | 5.9 | 17.24 | 12.28 9.64 | 13.05 
specimen, and varying the current 25 4 0 1.45 10 87 5.9 7.77 | 11.85 8.78 9.47 
rheostats until the galvanometer does ~ : : 0.766 0.5 | 149 5.6 4.678| 5.684| 6.068 : “ 
: : 6 0.715 6 | 121 5.6 6.087| 6.557] 5.909] 6.18 
not deflect. The resistance adjust- pa . 4 ie A he ap ae : a “a ~~ 
ment is now made by turning the gal- 27 4 0 1.39 3.0 | 117 5.2 8.89 8.34 6.95 8.06 
vanometer to the position marked R ie? payne . ioe re ee eee ee ae: ro 
and adjusting the slide B until the 29 3 |5Ibsqin| 1.67 | 0 183 5.6 1.907| 2.015} 2.508] 2.15 
galvanometer does not deflect. ~ : em 1.81 0.65 | 157 5.5 1.336 2.310 3.05 — 
. : : sqin| 1.115| 0 192 6.2 1.66 1.75 1.66 6: 

With the selection of this type of 30 | 4 |5iIbsqin| 2.08 | 0 160 6.1 3.91 3.87 4.09 3.96 
specimen the calculation of the pene- 31 3 |5in.Hg} 0.346| 0 171 6.5 1.07 1.02 1.05 1.04 
tration from the resistance changes is 31 4 |5in.Hg) 0.485| 0 149 6.5 2.19 2.28 2.22 2.23 

“sar Daye Tea Sj h 32 3 |5in.Hg} 0.522] 0 170 6.2 1.598 | 1.153] 1.422] 1.39 
comparatively simp e. ince t e re 32 4 |5in.Hg! 0.798 | 0.68 | 150 5.8 5.45 5.03 5.51 5.33 
sistance of a uniform conductor is in- 33 3 |5in.Hg| 0.440] 0 172 6.4 1.252 0.747 1.21 1.07 

. : 33 4 [5 in.Hg! 0.962| 0 150 6.3 5.36 4.57 5.46 5.13 
versely proportional to the area of its 34 | 3 |5ibsqin| 0.58 | 0 192 6.4 | 1.39 1.35 | 2.202| 1.65 
cross section, the assumption can be 34 4 |5Ibsqin| 0.76 | 0 161 6.4 4.91 4.58 5.40 3.96 
made that the resistance is also in- 35 3 0 0.50 | 0 177.6 6.3 1.017 | 1.446] 1.322] 1.26 
, A 35 4 0 0.676 | 0 150 6.4 3.00 2.83 2.90 2.93 
versely proportional to the thickness of 36 | 3 | o | 0.531] 0 177 6.1 1.0666] 1.2533} 1.3165] 1.21 
the specimen. This assumption will 36 4 0 0.597 | 0 147 5.9 4.3774, 5.3676] 3.9484) 4.56 
. +s 37 3 |5lbsqin| 0.55 | 0.45 | 190 5.8 0.9756 1.152] 1.292] 1.14 
introduce only a negligible error, for 37 | 4 |5Ibsqin| 0.61 | 5.1 | 156 5.7 | 4.353| 5.624| 5.443] 5.14 
any change in width will be only a 38 3 No Corrosion Samples Analysis Method Tests 
very small percent of the total width. 38 4 
39 3 0 0.794 | 0.56 | 173 5.8 1.73 1.722 1.9 1.78 
39 4 0 0.575 | 2.44 | 143 5.8 3.09 3.935 | 4.28 3.73 
Rit: = Rots 40 3 0 0.952 | 2.18 | 154 6.3 5.20 5.35 5.39 5.31 
Where 40 4 0 0.78 3.62 | 131 6.3 8.22 9.11 6.77 8.03 
R; = original resistance. 








*Nitrogen Test. 


R:= final resistance. 
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Fig. 19—Complete circuit diagram 


The advantage of this method over the gravitational 
method lies chiefly in two points: (1) measurements 
can be made without disturbing the set-up, and (2) the 
increased sensitivity of the method makes it possible to 
get definite results in a shorter time. These two facts 
will facilitate the work of obtaining curves of the cor- 
rosion rate against time, temperature, and the other 
variables. 

The range of tests conducted is not sufficiently wide 
as yet for an attempt to be made to correlate the various 
factors in their combined effect in producing corrosion 
in return piping. It is felt that the results given bear out 
the following general statements for type of system 
tested. Other factors being constant, the corrosion rate 
will vary directly with the oxygen content of the con- 
densate. 

Other factors being constant, the corrosion rate will 
vary directly with the free CO, content of the con- 
densate, at least up to about 30 parts per million. One 
part per million of oxygen appears to have about the 


Table 4—Steam Sample Analysis 








TEST Loop 

No. No. Ave. O2 |Ave. CO2|Temp. Fi PH 
26 3 2.37 15 70 5.9 
27 3 4.58 0 70 6.4 
28 3 3.84 2 70 6.1 
29 3 0.315 0 70 5.6 
30 3 3.95 0.68 70 6.2 
31 3 3.25 0 70 7.1 
32 3 2.78 0 70 6.9 
33 3 4.48 0 70 6.5 
34 3 2.08 0.7 70 6.6 
35 3 2.15 0 70 6.8 
36 3 1.13 0 70 6.6 
37 3 0.98 11.6 70 5.45 
39 3 1.47 4.89 70 5.8 
40 3 1.52 13 .05 70 6.6 




















same corrosive effect as between twenty and thirty parts 
per million of CO,. | 

Increase of temperature for the same pressure in- 
creases the corrosion rate up to a certain»point, from 
where it decreases rapidly with further increase of tem- 
perature. Increased rate of flow of condensate increases 
corrosive effect. ; 

Decrease of pressure carried in the system, the quality 
of steam being the same, decreases the corrosion rate in 
a tight system. 
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American Engineering Council 
Holds Annual Meeting 


The 16th Annual Meeting of the American Engineering Coun- 
cil was held in Washington, D. C., January 10-11, 1936, at the 
Mayflower Hotel, and was attended by delegates from the 42 
member organizations. 

The newly elected officers are Dean A. A. Potter, president; 
R. E. Flanders, vice-president (two-year term) ; and J. S. Dodds, 
vice-president (one-year term). The Executive Committee 
includes F. J. Chesterman, chairman, Public Affairs Committee ; 
C. O. Bickelhaupt, chairman, Membership Committee; A. J. 
Hammond, vice-president; C. E. Stephens, treasurer, and Wil- 
liam McClellan, chairman, Finance Committee. F. M. Feiker 
was re-elected executive secretary. 


A. S. T. M. Index to Standards 


A new index to A. S. T. M. Standards and Tentative Stand- 
ards has been issued by American Society for Testing Materials, 
260 S. Broad St., Philadelphia, Pa. This publication is of service 
in ascertaining whether A. S. T. M. has issued any standard 
specifications or test methods covering particular engineering 
materials or subjects, and is also of help in locating references to 
publications in which the standards have appeared. 

All items are listed in the Index under appropriate key-words 
according to the particular subjects covered. A list is also given 
of the specifications and tests in numeric sequénce of their serial 
designations. 

Copies of this publication are available upon written request 
to A. S. T. M. headquarters. 


Fred R. Low Dies 


Fred R. Low, who was well known in the fields of engineering 
and journalism, died on Wednesday, January 22, 1936, at his 
home in Passaic, N. J., at the age of 75. 

Mr. Low achieved recognition as an engineer and editor. He 
made several power plant inventions and published 4 technical 
books in the power field. His journalistic career began when 
he became associated with the Journal of Commerce of Boston. 
Coming to New York in 1888 Mr. Low became the fifth editor 
vf Power, of which he was editor emeritus at the time of his 
death. 

Mr. Low received honors as past president of the American 
Society of Mechanical Engineers, former mayor of Passaic, and 
honorary member of the British Institution of Mechanical Engi- 
neers. He also received the honorary degree of Doctor of Engi- 
neering from Rensselaer Polytechiiie Institute. Mr. Low always 
maintained an active interest in engineering afid he was chair- 
man of two important committees of the A. S. M. E£. dealing 
with the codification of safety rules for the construction of steam 
boilers and unfired pressure vessels and rules for testing boilers, 
turbines, engines and other power equipment. 

Mr. Low was an honorary member of the National Associa- 
tion of Practical Refrigerating Engineers and of the National 
Board of Boiler and Pressure Vessel Inspectors and a member 
of the National Association of Power Engineers, the V ereines 
Deutscher Ingenieure, the Newcomen Society, Engineers’ Club 
of New York, and Boston, Yountakah Country Club, Nutley, 
N. J., and the Plymouth Golf Club, New Hampshire. He also 
was past president of the Passaic City Club and a member of 
several masonic orders. 
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By W. A. 


HE airplane propeller is an efficient device when 
used for the purpose of producing end thrust for 
It provides both high ac- 
These 


which it is intended. 
celeration and high velocity in the air stream. 
attributes render it less suitable for a ventilating fan, 
if a highly efficient and quiet fan is to result. In the 
latter instance it is desirable to move a large volume of 
air at as low a velocity as possible, with consequent low 
end thrust. 

Another serious fault of the airplane propeller, when 
used as a fan, is its characteristic swirl at the tips of 
the blades. A typical example in the case of a small 
desk or circulating fan is shown in Fig. 1." Fig. 2 rep- 

*Mechanical Engineer 

‘Study of the Flow of Air with a Stroboscope, by Harold E. Edgerton, 
Vechanical Engineering, April, 1935. Fig. 1 reproduced by permission. 


Presented at the 42nd Annual Meeting of the AMERICAN SOCIETY 
9F HEATING AND VENTILATING ENGINEERS, Chicago, Ill., January, 1986. 


Airfoil Fan Characteristics 
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resents typical air flow distribution through an airplane 
propeller. There is a distinct negative flow beyond the 
tips of the blades with a sharp reversal of the air stream 
as it returns back through the blades. When the same 
kind of blade is used in a fan the same condition is 
obtained. This blade design prevents the most effective 
part of the blade from doing its share of the work of 
discharging its quota of air through the orifice (Fig. 3). 
This factor may be eliminated by a radical change in 
the design of the blade tips, the orifice, or of both 
(Fig. 4). 

The contraction in the area of the air stream passing 
through and beyond. the orifice ring has the effect of 
increasing the effluent air velocity. In the case of a 
fan discharging to the atmosphere, all of the energy 
represented by the velocity head in the air stream is lost. 





Fig. 1—Flow of air through tip of fan 
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Anything that can be done to lessen the contraction in 
the air stream will reduce the velocity pressure loss and 
increase the fan efficiency. 

In the case of the airplane propeller the diameter of 
the vena contracta will amount to 85 per cent of the 
blade diameter. In a fan with modified blade tips, suf- 
ficient to eliminate the tip swirl, the minimum diameter 
of the air stream will be nearer 90 per cent, and with the 
addition of a carefully proportioned streamline orifice 
may reach a value of 95 per cent, which is approxi- 
mately the limits to be obtained. The latter value cor- 
responds to about 90 per cent of the area; the remain- 
ing 10 per cent represents the dead area at the center 
of the fan blades, where there is no measurable air 
velocity. 

Attempts have been made to increase the effectiveness 
of the center third diameter of the blades, where the 
blade velocity is low, in an effort to improve the fan 
efficiency. Unfortunately this is the region where the 
blade angle is already high, and any further increase in 
its angle of attack,only serves to aggravate the disturb- 
ance to air flow at the back of the blade. A comparison 
of the continuity of air flow at low angles of attack as 
compared to the conditions which occur at larger angles 
is illustrated in Figs. 5 and 6. 

One method of reducing the effluent air velocity is 
with the use of a discharge duct or collar. If the collar 
is made of equal diameter to the orifice and not less 
than one diameter in length, the air stream will expand 
beyond the point of greatest contraction and fill the 
duct. This reduces the air velocity and the velocity 
head, and increases the mechanical efficiency propor- 
tionately. 

Results of comparative tests of a fan with and with- 
out a collar on the discharge is shown in Fig. 7. With 
the collar there is an increase in the efficiency at the 
free delivery capacity without the collar, viz. 6000 cfm, 
of 52 per cent, as compared with the same fan discharging 
to atmosphere without the collar. With this fan the 
diameter of the air stream at its point of greatest con- 
traction is 90 per cent of the orifice ring diameter. The 
area ratio is 81 per cent, the velocity ratio 1.23, and the 
velocity pressure ratio 1.52. It will be noted that the 
last value is identical with the increase in the mechanical 
efficiency. 

At other points of operation than at free delivery the 
increase in the efficiency will be found to be in propor- 
tion to total pressure ratios, as indicated in Table 1. 


Table 1—Comparative Test Results of Airplane Fan With and 
Without Collar 








Test WitrHout CoLLaR Test WitH CoLitaR 




















CFM] Ver. | v.P.| sp. | Tp. | wp. | ME. | SP. | T.P. | M.E. 
—_———| _ —| | — | _ — _ | — a | ef 
6000 | 1407 | 0.120} 0 | 0.120 | 0.255 | 0.445 | 0.062 | 0.182 | 0.675 
5000 | 1170 | 0.083) 0.092 | 0.175 | 0.251 | 0.55 | 0:135 | 0.218 | 0.685 
4000 | 938 | 0.053) 0.167 | 0.220 | 0.242 | 0.575 | 0.19 | 0.243 | 0.633 
3000 | 705 | 0 7 0.223 | 0.253 | 0.23 | 0.520 | 0.23 | 0.26 | 0.533 





WHEN VE LociTy Is INCREASED 23 PER CENT 
AND V. P. 52 PER CENT 


| 


6000 | 1730 | 0,180 














0 0.180 | 0.255 | 0.675 
5000 | 1440 0,125) 0.092 | 0.217 | 0.251 | 0.683 
4000 | 1155 | 0,080) 0.167 | 0.247 | 0.242 | 0.643 
3000 865 | 0.045) 0.223 | 0.268 | 0.23 0.550 








1 
*Air Weight — 0.0725 Ib per cubic foot. Velocity Constant = 4072. 
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Fig. 2—Air flow distribution through airplane propeller 
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Fig. 3—Air flow through airplane 
propeller fan with sharp -edge 
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Fig. 4—Air flow through airfoil propeller fan with stream-line 
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7 The agreement of the results when the fan is credited 
— with the actual air velocity it is producing with the 
—— results of the test with the collar indicate excellent re- 

2 covery of velocity head in the high ratios of volume, and 
reducing toward no delivery. 

If in the previous example a fan had been used giving 
_ a higher air stream coefficient, the decrease in velocity 
—_—— would have been less, and the possible improvement in 
the efficiency would have been less using the collar. 

: The collar also serves a second function by effectively 

a - - eliminating the tip swirl of the fan. With the addition 

: of the collar a situation results where the lower the 

fan efficiency, the greater the possible improvement. The 
Fan Test Code? provides that fan ratings made from tests 
with collar shall specify For installation with ducts. 
Generally the fan user is not aware of the fact that the 
ratings are totally unrepresentative of the performance 
of the fan when wall mounted and discharging to atmos- 
phere. In all such cases ratings for both methods of 
application should be given. 

A two blade airfoil revolving about its own axis is 
graphically represented in Fig. 8. As the blade revolves 

- : any element of an area at any radius r will, relative 
to the air, move in‘a helical path on the surface of an 
imaginary cylinder of the same radius. In one revolu- 
tion the element will advance from A to B, assuming no 
slip. This distance is the Pitch, and its ratio to the blade 

diameter is called the Pitch Ratio. 

If the surface of the cylinder to be developed is as- 
sumed, the path of the element will be indicated by the 
diagonal, and the angle between the long side of the 
rectangle and the diagonal will be the same as the angle 
of the blade element referred to the plane of rotation. 
Then 
in Pitch 
Tanb= 





Fig. 5—Fan blade air flow with low angle 





(1) 





2 xr. 


Referring to Fig. 9 and plotting as abscissa the dis- 
Pitch 


tance 





from the axis of the blade, any diagonal to 
Fig. 6—Fan blade air flow with large angle an 

that point from any element of area at any radius r will 

include an angle with the blade’s vertical axis equal to 

the angle of the blade element with the plane of rotation. 

T I With blades of constant pitch the angle of the face of 

26" TWO BLADE FAN | the blade with the plane of rotation continually increases 


7o | _1750,R — 
~ 2A.S.H.V.E. Standard Test Code for Disc and Propeller Fans, Centri- 
fugal Fans and Blowers, (A.S.H.V.E. Transactions, Vol. 29, 1923). 
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Fig. 7—Airpl f rformance curves 
with aa R whhout snes collar Fig. 8—Diagram of airfoil fan blade revolving about its axis 
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as the center is approached. In that case, unless low 
tip angles are started, blade angles are soon reached, as 
the center is approached, too great for smooth stream 
flow at the back of the blade. 

Where the blade angle is maintained constant, the 
pitch will be variable at different radii, being greatest at 
the tip and decreasing as the center is approached. 

There is a third type in which both the blade angle 
and the pitch are variable, and it is this type which has 
proven to be suitable for fan purposes. 

With any uniformly varying pitch the mean pitch 
will occur at two-thirds of the radius and can be ex- 
pressed by the formula: 




















LL ——eiTcn* 22 — 
CONSTANT PITCH VARIABLE PITCH VARIABLE PITCH 
VARIABLE ANGLE CONSTANT ANGLE VARIABLE ANGLE 


Fig. 9—Airfoil fan blade pitch and angle relationships Mean Pitch = 2/3 x D Tan b, (2) 
where b is the blade angle with the plane of rotation at 
24 radius. Then 
2/3" D Tan b 
Pitch Ratio = —— —— = 2/3 x Tan b (3) 
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Fig. 10—Performance curves of 27 in. two blade fans, 1150 rpm 1000 = to 
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Fig. 12—Performance curves of 27 in. six blade fans, 1150 rpm 
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— ~ae Fig. 13—Comparison curves of two, four and six blade 


Fig. 11—Performance curves of 27 in. four blade fans, 1150 rpm fans, pitch ratio 0.75 and mean blade angle 20 deg. 
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Development of an efficient fan involves the determina- 
tion of optimum values or proportions of blade form, 
and area distribution, thickness ratio and type of airfoil 
section for different blade angles, and rate of pitch varia- 
tion. Also an efficient streamline form of orifice, with 
its position relative to the blade. The charts shown 
in Figs. 10, 11, 12 and 13 serve to compare effect of 
different number of blades and various pitch ratios from 
0.5 to 1.0. It will be noted that the volume increases 
with greater number of blades, but not in direct pro- 
portion. An empirical factor of ¥/8/2 is approximately 
correct, in which B is the number of blades. This will 
correspond to approximately 20 per cent more capacity 
with four blades as compared with two, and 30 per cent 
for six blades as with two. 

The static pressure in the region of restricted deliv- 
eries will increase approximately in direct proportion 
to the number of blades for equal pitch ratios. 

The horsepower curves are fairly flat for low pitch 
ratios, increasing toward restricted deliveries as the pitch 
ratio is increased, and slightly also as the number of 
blades is increased. This design characteristic requires 
no larger capacity motors for operation against resist- 
ances than for free delivery, except for six blade fans 
at the higher pitch ratios. In the latter case a moderate 
increase in the motor size of 25 per cent will suffice, 
except at low ratios of volume. 

The mechanical efficiencies are quite similar for differ- 
ent numbers of blades at the same pitch ratios, the in- 
crease for four blades as compared to two being approxi- 
mately two per cent, and a similar increase for six blades 
as compared to four. This difference in efficiency is 
somewhat at variance with published efficiency data on 
airplane propellers, which is based on thrust. In the 
case of ventilating fans additional blades serve to increase 
the coefficient of area of the effluent air stream. Due 
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Fig. 14—Comparative curves of slip and pitch 
ratios for two, four and six blade fans 
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to these design characteristics it is possible to realize 
more favorable efficiencies at and near to free delivery, 
where most of these fans operate. The mechanical 
efficiencies which result from the prescribed method of 
computation, using the full area of the orifice for deter- 
mining the average velocity and the velocity pressure, 
result in apparently higher relative efficiencies for re- 
stricted deliveries than for free delivery. Where the 
actual velocities and calculations are determined, it will 
be found that the efficiency curves tend to flatten out 
at the peak, giving the same relative advantages for in- 
crease in number of blades at correspondingly restricted 
conditions of operation as for free delivery. Computa- 
tions of this kind raise the efficiency the greatest amount 
at free delivery, where the total head is all velocity pres- 
sure, whereas at all other points the velocity head be- 
comes a relatively smaller proportion of the total pres- 
sure as the static pressure increases. (See Table 1). 

The static efficiencies, while not shown on the curves, 
will obviously be greater for low than for high pitch 
ratios. 

The decreased efficiencies at higher pitch ratios would 
appear to reflect the importance of avoiding the disturb- 
ance to stream flow which accompanies higher angles of 
attack. The best pitch ratio will be found to be 0.75, 
corresponding to a mean blade angle at % radius of 
20 deg. 

In any propeller operating in air, as in water, there 
will be a certain slip. The geometrical pitch minus the 
slip is called the true pitch. This can be expressed thus: 


True Pitch = Geometrical Pitch (1-Slip) (4) 


The true pitch multiplied by the RPM gives the velocity 
or the distance the particle moves in one minute. The 
volume of air handled by the fan at free delivery may 
be expressed as follows: 


CFM = 2/32 DN tan b A (1-Slip) where A = area of 





orifice (5) 
a D? 
If the value is substituted for A the formula is: 
4 
CFM = 1.645 D® N Tan b (1-S) (6) 


If test results values of calculated slip are plotted against 
pitch ratios, or mean blade angles, or both, a series of 
curves will be obtained for two, four, and six blades as 
shown in Fig. 14. 

In the case of the two blade fans the slip will be found 
equal to the tangent of the mean blade angle for optimum 
pitch ratios, and equal to the sine of the angle at pitch 
ratios below and above the optimum pitch ratios. These 
values may then be substituted in formula (6), and if 
greater accuracy is desired the following values of S$ 
may be used: 


Mean Blade Angles 12 to 17 deg = Sine b 
Mean Blade Angles 17 to 22 deg = Tan b a 
Mean Blade Angles 22 to 27 deg (Sine b + Tan b) = 2 
Mean Blade Angles 27 to 32 deg Sine b 
For four and six blade fans the value of the slip may be 


jf: 


determined from the chart, or the empirical value 
as previously mentioned may be used. 

The formula is then applicable to any number of blades, 
and to all pitch ratios, or mean blade angles, covered 
by these data. 
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SET Ue For Disc ANDO PROPELLER FAN TESTS 
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Fig. 15—Diagram of standard test set-up for dise and propeller fans 


(For ease in converting values of pitch ratio to cor- 
responding mean blade angles reference is again made 
to the formula Pitch Ratio = 242 Tan b.) 

All data presented herein are from tests made in ac- 
cordance with the provisions of the Standard Test Code 
for Centrifugal and Propeller Fans. In Fig. 15 is shown 
a diagram of Plate E from the Test Code, and an illus- 
tration of the actual test set-up is shown in Fig. 16. 

These performance data do not apply to all airplane 
or airfoil propeller fans, but only to the particular de- 
sign herein presented, and having a blade of substan- 
tially constant width, except for the widening projection 
at the tip, as illustrated in Fig. 17. 

The airfoil blades were cast of aluminum alloy from 
metal patterns and accurately finished to gages for cor- 
rect airfoil section. They were then buffed and pol- 
ished, care being taken tu insure exact wheel balance 
without the use of any balance weights. Blade angles are 
established within 5 of a degree at five stations equi- 
distant from one-third radius to the tip. 

The use of more favorable blade angles for efficient 
operation as compared to the more common practice 
with other types requires somewhat higher speeds for 
airfoil fans. However, the airfoil itself may be run at 
slightly higher speeds for equal quietness as compared 
either with thin plates or high pitch ratios. Referring 
to Figs. 5 and 6 it will be noted that each revolving 
blade must pass through the wake of the preceding blade. 


lt is therefore important for quiet operation that the 
disturbance at the back of the blades be kept as small 


as possible. 


With two blade fans at ordinary speeds there may be 
a noticeable flutter, due to the low frequency of the 
vibration. When an increased number of blades are 
used, this disappears, as the ear does not readily separate 
higher frequency sounds from all the several variable 
factors involved in the total noise volume. Within the 
limits covered by these tests it was found that better 





Fig. 16—General view of fan test apparatus 
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results may be accomplished with a greater number of 
blades, even though a slightly higher decibel rating may 
result. A four blade airfoil fan is shown in Fig. 17 and 
a six blade direct connected fan unit in Fig. 18. 

The same judgment is necessary in applying these fans 
as with any other type where quiet operation is required. 
Generally low blade velocities tend towards quietness, 
and high velocities towards noise. Quiet motors with 
resilient mountings and sleeve bearings are used for best 
results. When capacitor motors are used, additional 
speeds are available with a slight additional expense as 
compared to single speed motors. 

In many of the industrial applications, where the noise 
level of the environment is relatively higher, usual stand- 
ard motor speeds, windings, and ball bearings may be 
used. 

Conclusions 


The ordinary airplane propeller is inherently unsuited 
for use as an efficient ventilating fan without modifica- 
tion of either its form of blade tip, or the orifice ring, 
or both. 

The contraction of the air stream increases the velocity 
head loss. Increasing the coefficient of area of the air 
stream raises the mechanical efficiency. 





Fig. 17—Four blade airfoil fan 


Streamline orifices, more effective forms of blade tips, 
and a greater number of blades all tend to increase the 
efficiency. 

The use of a short discharge duct eliminates swirl 
at blade tips, recovers some velocity head, and increases 
the capacity and the mechanical efficiency. 

Variable blade pitch is better than constant pitch and 
moderate pitch ratios of 0.75 are the optimum. 

An increase in the number of blades increases the ca- 
pacity as the fourth root of the number ratio, the static 
pressure more nearly in direct proportion to the number, 
and the mechanical efficiency slightly. 

With airfoil blades high mechanical efficiencies may 
be realized and especially in the region of free delivery 
where the majority of these fans operate. 

Two blade fans are not as quiet as four or six blades 
because of the low frequency vibration causing a notice- 
able flutter. 
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Fig. 18—Six blade airfoil fans 





Fans with airfoil 
blades have non-over- 
loading horse power 


characteristics except 
with multi-blades having 


pitch ratios above the 
optimum. 
Airfoil fans conform 


to Fan Laws, in relation 
to capacity, pressure, and 
horse power when the 
speed, air density, or sizé is changed. As the great ma- 
jority of these fans operate at, or near, free delivery, and 
are frequently only so rated, these Fan Laws are very 
helpful in calculations concerned with the selection and 
application of fans. 
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Air Conditioning Course 


An evening course in Air Conditioning is offered by the Exten- 
sion Departments of Architecture and Mechanical Engineering 
of Columbia University in the City of New York. The sessions 
will occur two evenings a week from February 5 to May 20, 
1936, and the fees are $5.00 for registration and $30 for tuition. 

John Everetts, Jr. will conduct the classes and among the 
subjects of discussion will be study of steam-air mixtures with 
relation to comfort cooling and commercial air conditioning ; 
comfort cooling calculation, general study of equipment and 
design, and comparative analysis of refrigerating equipment and 
refrigerants used in connection with air conditioning. 














Pittsburgh Experiment Station of the U. S. Bureau of Mines where the Research 
Laboratory of the AMERICAN SocreTy OF HEATING AND VENTILATING ENGINEERS is located 


Report of the Committee on Research 
for 1935 


By A. P. Kratz* and F. C. Houghtent 


HE Committee on Research of the AMERICAN SOCIETY 

oF HEATING AND VENTILATING ENGINEERS held four meet- 

ings during the year. At the first meeting, held in Buffalo 
on January 28, a budget for 1935 was prepared and other busi- 
ness pertaining to the 1934 committee was completed. The 1935 
committee met immediately following adjournment of the 1934 
committee, approved the budget recommended by the previous 
committee, and adopted a research program. Two meetings of 
the Committee were held in Toronto, Ontario, during the Semi- 
Annual Meeting of the Society, at which time the work of the 
various Technical Advisory Committees and the studies carried 
on under them at the Laboratory in Pittsburgh and in the co- 
operating universities were reviewed. 

The Committee operated under a budget somewhat larger than 
the previous year, and found no great difficulty in meeting its 
requirements. The funds on hand at the close of the year are 
greater than those on hand when the Committee was organized. 

Sixteen Technical Advisory Committees served as sub-commit- 
tees of the Committee on Research, each to consider a separate 
technical subject which it studied or outlined for laboratory in- 
vestigation. Three new Technical Advisory Committees on (1) 
Summer Cooling Standards, (2) Frictional Resistance to Flow 
of Air in Small Ducts and Fittings, and (3) Corrosion in Air 
Conditioning Equipment, were appointed, and the work of deter- 
mining summer cooling standards was placed on the Research 
Laboratory’s program for immediate investigation. 

An extensive program of research was carried on at the Labo- 
ratory in Pittsburgh and in cooperation with nine universities. 
These activities resulted in 11 technical papers presented to the 
Society, and the development of a code on Garage Ventilation 

*Chairman, A. S. H. V. E. Committee on Research; and, Research 
Fyqsensen, Degastament of Mechanical Engineering, University of Illinois, 

{Director, A. S. H. V. E. Research Laboratory, Pittsburgh, Pa. 


2resented at the 42nd Annual Meeting of the American Soctetry 
or HEATING AND VENTILATING ENncrineERs, Chicago, Ill., January, 1936. 
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which was formally adopted as a standard of the Society by letter 
ballot of the membership. 

The Committee on Research has always considered it desirable 
to keep in contact with the Society through the various chapters, 
and also to keep in contact with other organizations who should 
be interested in its work. It regretted the necessity of curtailing 
this activity during the depression because of insufficient funds. 
With improved conditions during the current year it was possible 
to re-establish this practice in a small way. The Chairman of 
the Committee attended three chapter meetings and the Director 
of the Laboratory attended two chapter meetings at which the 
work of the Committee was discussed. Contacts with other tech- 
nical groups were continued wherever possible. It is hoped that 
this activity may be increased in the future. 


RESEARCH LABORATORY 
AMERICAN SOCIETY OF HEATING AND VENTILAT- 
ING ENGINEERS 
STATEMENT OF INCOME AND EXPENSES 
YEAR ENDING DECEMBER 31, 1935 
RESEARCH Funp (Unrestricted) 
INCOME 
Contribution from General Fund as provided in By- 
Laws—40% of dues collected from Members and 


Sc cigcycchy xen dteunh nae Kaen $ 9,172.76 
Appropriations : 

From General Fund........-............$1,500.00 

From Endowment Fund............ 662.50 


2,162.50 
5,798.36 
68.00 


Contributions from outside sources 
Interest on bank deposit 


$17,201.62 
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IX PENSES : 

Salaries: 
Laboratory staff .............$6,620.00 
Graduate Student help........ 1,187.00 


$7,807.00 
Cooperative research contracts......... -..- 6,148.36 
Special fellowship at University of Illinois 

CN ic daring wigi ateiya a melons 
Correlative thermal research............... 


450.00 
500.00 


Laboratory supplies and equipment......... 438.50 


WEE Gc anieckdaus Wace ead eehetaceiexwenas 501.88 
Printing and promotion.......... ee ee 215.00 
ee SNE IND Sc nik sa caveseucévwsss 135.36 
Office supplies, equipment and expense...... 311.08 


16,507.18 


Excess for year of income over expenses of Research 


ee i on ce aac es cased wean $ 694.44 


1935 Research Contributors 
Contributing Funds: 
Armstrong Cork Products Co. 
Crane Co. 
C, A. Dunham Co. 
Heating, Piping & Air 
Association. 

Modine Manufacturing Co. 
Penn Electric Switch Co. 


Conditioning Contractors National 


Portland Cement Association, 
Trane Co., The. 
A. C. Willard. 

Contributing Equipment: 
Aerofin Corp. 
American Radiator Co. 
Detroit Lubricator Co. 
Julien P. Friez and Sons, Inc. 
Frigidaire Div., General Motors Corp. 
General Electric Co. 
Illinois Testing Laboratories, Inc. 
Johnson Service Co. 
Meyer Furnace Co., The. 
Minneapolis-Honeywell Regulator Co. 
National Warm Air Heating and Air Conditioning Association. 
John J. Nesbitt, Inc. 
Weil-McLain Co. 
York Ice Machinery Corp. 


Universities Cooperating with the Committee on Research 


1. AGRICULTURAL & MECHANICAL COLLEGE OF 
TEXAS: Heat Requirements of Buildings. 

2, CASE SCHOOL OF APPLIED SCIENCE: Heat trans- 
fer from and to direct and extended surfaces with forced air 
circulation. 

3. CORNELL UNIVERSITY: 
ings. 

4. HARVARD SCHOOL OF PUBLIC HEALTH: Mini- 
mum air requirements for ventilation. 

5. UNIVERSITY OF ILLINOIS: (1) Direct and indirect 
radiation with gravity air circulation. (2) Cooling of buildings 
in summer. (3) Air conditioning in the treatment of diseases. 

6. MICHIGAN COLLEGE OF MINING AND TECH- 
NOLOGY: Corrosion in return lines in relation to the chemical 
composition of the water, vapor and gas handled. 

7. MARQUETTE UNIVERSITY: Methods of air supply 
and distribution in air conditioning. 

8. UNIVERSITY OF MINNESOTA: (1) Dust and dust 
control apparatus. (2) Heat transmission through concrete walls. 

9. UNIVERSITY OF WISCONSIN: Heating of buildings. 


Heat requirements of build- 


Papers Resulting from Research During 1935 


Eleven technical papers, resulting from research carried on in 
Pittsburgh or in the cooperating universities under the several 
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Technical Advisory Committees were prepared for presentation 

at meetings of the Society and publication in the A. S. H. V. E. 

JourNAL (in Heating, Piping and Air Conditioning.) They are 

listed below and will be referred to by number in the discussion 

of research projects later in this report. 

1. A Carbon Monoxide Alarm and Ventilation Control, by F. C. Hough 

ten and Linwood Thiessen; March, 1935. 

2. Classroom Odors with Reduced Outside Air Supply, by F. E. 
Houghten, H. H. Trimble, Carl Gutberlet and Merle F. Lichtenfels; 
May, 1935. 

3. The Dust Problem in Air Conditioning, by F. B. Rowley, June, 1935. 

4. Air Supply to Classrooms in Relation to Vent Flue Openings, by 
F, C. Houghten, Carl Gutberlet and Merle F. Lichtenfels; June, 1935. 

5. Oil Burning in Residences, by D. W. Nelson; July, 1935. 

6. Classroom Drafts in Relation to Entering Air Stream Temperature, 
by F. C, Houghten, H. H. Trimble, Carl Gutberlet and Merle F. 
Lichtenfels; July, 1935. 

7. Comfort Standards for Summer Air Conditioning, by F. C. Houghten 
and Carl Gutberlet; November, 1935. 

8. Performance of Fin-Tube Units for Air Heating, Cooling and De 
humidifying, by G. L. Tuve; December, 1935. 

9. Thermal Properties of Concrete Construction, by F. 
A. B. Algren and Clifford Carlson; January, 1936. 

10. Ventilation Requirements, by €. P. Yaglou, E. C. Riley and D. I 
Coggins; January, 1936. 

11. Corrosion Studies in Steam Heiting Systems, by R. R. Seeber, F. A. 


B. Rowley, 


Rohrman and G. E. Smedberg. To be presented at the Annual Meet 


ing; January, 1936. 


Research Projects Investigated During 1935 

During the year 16 projects were given consideration under as 
many Technical Advisory Committees. Because of the budget 
limitations, laboratory research, either at the Laboratory in 
Pittsburgh or at the cooperating universities, was possible in 
only a few cases; however, the Technical Advisory Committees 
were in most cases successful in giving consideration to the 
subject in hand with measured progress. The personnel of each 
of the Committees, working under the Committee on Research, 
and the work carried on under them during the year are given 
below. 


1. AIR CONDITIONS AND THEIR RELATION 
TO LIVING COMFORT 


C. P. Yagleu, Chairman 
J. J. Aeberly R. R. Sayers 
W. L. Fleisher C.-E. A. Winslow 

The committee has continued a study of the minimum ventila- 
tion requirements for health and comfort. The cooperative labo- 
ratory investigation of the subject was carried on at Harvard 
School of Public Health. This work will be continued another 
year if resources allow. A progress report” is to be presented 
at the Annual Meeting, giving ventilaticn requirements of various 
groups of school children and adults under representative prac- 
tical conditions. The report shows clearly the impossibility of 
fixing any single standard that would apply under all conditions. 
Each case, it would seem, must be considered on its own merits. 
The important factors appear to be personal sanitation, air space 
allowed per person, and odor removing capacity of air condition- 
ing processes. The range in outdoor air requirements is from 
5 cfm per person, or less, when the air is completely conditioned, 
to 38 cfm in the case of grade school children of the poorest class, 
when the air is not conditioned. 

Considerable evidence is adduced to the effect that there are 
other factors in the ventilation of occupied rooms, besides tem- 
perature and humidity which affect the quality and pleasantness 
of air from the point of view of both occupants and visitors. 
This evidence confirms from a different angle an old conclusion 
of the New York State Commission on Ventilation, and also 
the very latest finding of Winslow on weather feelings. 

Another activity of the committee during the past year was 
a critical review of the literature on carbon dioxide, humidity 
and ozone, supplemented by a number of tests at Harvard, for 
the purpose of finding out where information is inadequate and 
wkether there is sufficient justification for additional research. 

The Research Laboratory in Pittsburgh reported a brief study” 
of the odor conditions resulting with reduced ventilation in class- 
rooms in connection with a study of school room ventilation under 
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the Technical Advisory Committee on Minimum Temperature 
and Method of Introduction of Cooling Air in Classrooms. 


2. AIR CONDITIONING IN THE TREATMENT 
OF DISEASES 


E. V. Hill, Chairman 

H. R. Linn 

P. J. Marschall 
E. L. Stammer 


N. D. Adams 
J. J. Aeberly 
Margaret Ingels 

This committee was appointed a year ago to develop coopera- 
tion with medical schools in a study of the relation of air condi- 
tioning to the treatment of diseases. The committee has been 
active in giving consideration to the problem throughout the 
year and was successful in developing a cooperative arrange- 
ment with the College of Medicine of the University of Illinois 
in Chicago, under which a comprehensive study will be carried 
on. Complete details of the testing program have not been decided 
upon at present, but it is proposed first to study a group of 
normal individuals when subjected to various atmospheres with 
temperatures ranging from 50 to 100 F and relative humidities 
ranging from 20 per cent to 60 per cent or more. 

A number of different studies have been proposed to measure 
the body’s behavior under these atmospheric conditions. These 
are: 

(1) Mental tests involving various functions and determined somewhat 

by the subject’s educational background. 

(2) Circulatory tests giving the state of blood circulation under basal 

conditions consisting of complete physical and mental relaxation, 
a period of 12 to 18 hours post-prandial, and freedom from all 
drugs. The following tests would be made: 
a. Metabolic rate, including respiratory quotients. 
b. Oxygen saturation of arterial blood and oxygen capacity. 
c. Analysis of alveolar air, vital capacity. Study of character 
of respiration. 
d. Circulation time. 
e. Cardiac output. 
f. Blood volume blood counts; total fluid content. 
g. Reaction of skin to salt solutions, an index of its hydro- 
philic properties. 
h. Capillary and venous pressure. 
i. State of capillaries and smaller blood vessels as tested by 
the plethysmograph and skin temperature. 

(3) Studies of appetite, gastro-intestinal behavior, and hunger con- 

traction might be added. 
Either subsequent to or at the same time that studies are made 
on normal patients it is planned to study the effect of air condi- 
tions on patients having the following circulatory disorders: 

(1) Toxic goiter. 

(2) Rheumatic heart which is on the border line of decompensation. 

(3) Rheumatic heart which is compensated. 

(4) Compensated hypertensive heart. 

(5) Hypertensive heart on the border line of decompensation. 


3. ATMOSPHERIC DUST AND AIR 
CLEANING DEVICES 


H. C. Murphy, Chairman 


J. J. Bloomfield S. R. Lewis 

M. I. Dorfan F. B. Rowley 
Philip Drinker D. C. Simpson 
Leonard Greenburg W. O. Vedder 


Since the last Annual Meeting the Committee has continued 
its studies and investigations looking to the development of a 
code for testing and rating air cleaning devices used in dust 
hazardous ‘occupations. Much work has been conducted by corre- 
spondence, with such incidental meetings as were possible at the 
National Safety Congress and similar engineering assemblages, 
and through cooperation between the Director of the Laboratory 
and the U. S. Bureau of Mines, as an aid in the development of 
a code. 

The Chairman spent some time in England during the past 
Summer, and had an opportunity of studying the work being 
done there in correcting atmospheric pollution. The officers and 
members of the Jnstitution of Heating and Ventilating Engineers 
of Great Britain were courteous and cooperative, and gave every 
possible assistance in these investigations. 
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Many considerations recommended further careful and detailed 
study before recommendations for the proposed code are sub- 
mitted to the Society, and it is hoped that definite procedures can 
be submitted for consideration at the June Meeting. 


4. COMFORT STANDARDS FOR SUMMER 
COOLING 


W. L. Fleisher, Chairman 
A. E. Beals Elliott Harrington 
E. R. Bichowsky E. V. Hill 
C. P. Yaglou 

This is a new committee appointed during the year to under- 
take a study of comfort standards for summer cooling. A great 
deal of dissatisfaction was found by the committee in the pro- 
fessiou and industry with the present standards as contained in 
the A.S.H.V.E. Gurr. 

A preliminary survey of the entire subject was outlined by the 
Committee and carried out by the Research Laboratory during 
the summer months. While this study was in no respect conclu- 
sive as establishing finally acceptable standards, it accomplished 
a great deal in indicating what may be expected as a result of 
further study. A paper resulting from this work is being pre- 
sented’ at the Annual Meeting. 

Additional work was carried on by the Chairman of the com- 
mittee, dealing with possible rise in temperature with higher air 
velocities and maximum relative humidities along effective tem- 
perature lines outside the so-called comfort zone. 

The studies so far made have not only served to conclusively 
demonstrate that the present standards are unnecessarily limiting, 
but they have further served to point out the need for thorough 
investigation of several phases of the subject. Among the differ- 
ent factors which may possibly affect the final establishment of 
summer cooling standards and which are recommended by the 
committee for further study are the following: 

(1) A more definite upper limitation in allowable relative humidity at 
the proper effective temperature. 

Variations in the desirable effective temperature based upon the 
daily prevailing outside condition from which persons enter a 
conditioned room. 
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(3) Variaticns in the desired indoor effective temperature based upon 
the average climatic condition outdoors, based not on daily 
change but upon an average cver a much longer period of time, 
or in other words, the variation in desired indoor effective tempera 
ture based upon the summer climatic condition for a given city or 
region; usually fixed by latitude. 

Variations in the indoor effective temperature desired by persons 
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of varying sensitivity, including older persons and persons with 
lower vitality. 
(5) A study of the conditions which may be interpreted by a person 
as a draft, as determined by excessive air motion at the prevail- 
ing indoor temperature, and for air streams of other tempera- 
tures, usua'ly streams of entering cvoler air which may strike a 
person. 
A study of the physiological reactions of a person before, upon 
entering, during occupancy, immediately upon leaving, and over 
an hour or two after leaving a cooled room, particularly observ- 
ing the changes in skin temperature on various parts of the body, 
and perspiration. 
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A discussion of these items is given. 


(1) A More Definite Upper Limitation in Allowable Relative 
Humidity: A series of tests should be made in which the main 
purpose would be to determine the relative effect on persons enter- 
ing a cooled room at the same effective temperature from the 
same outside conditions, when the relative humidity or moisture 
content of the cooled room varies. The study of last summer 
indicated no variation whatever for relative humidities as high 
as 70 per cent, and no outstanding variation for relative humidi- 
ties as high as 85 per cent. The only way in which such effects 


can be determined satisfactorily is to make a series of tests with 
sufficient number of the variables controlled so that the varia- 
tions due to this one factor may be determined. Perhaps 12 to 
15 or 20 tests would be conclusive in settling this point. 

(2) Variations in the Desirable Effective Temperature Based 
Upon the Daily Prevailing Outside Conditions: Last summer’s 
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study indicated no marked or outstanding variations desired by 
the subjects. However, since other variables, such as the indoor 
relative humidity, length of exposure, degree of perspiration, etc., 
were not controlled, the data were not voluminous enough to 
draw any closely determined conclusions regarding possible small 
variations in the desired indoor effective temperature. 

(3) Effective Temperature Variations Desirable for Indoor 
Cooling for Regions of Different Climatic Conditions: The study 
made last summer could not in any sense answer this question, 
which is of interest to a great many air conditioning engineers 
who operate throughout different geographical locations of the 
country. That the summer climatic condition of a given region 
must necessarily affect the desired indoor conditions for summer 
cooling may be accepted as axiomatic, from the fact that for 
winter heating an effective temperature range of from 63 to 71 
deg is desired, while for summer cooling an effective temperature 
range of from approximately 71 to 74 was indicated for the 
Pittsburgh locality during last summer. Certainly with less 
severe summer conditions than pertaining in Pittsburgh, summer 
cooling would require some intermediate effective temperature 
range. It might be argued with equal logic, that for regions 
having more severe summer climates, as an example, New 
Orleans, La., or Dallas, Tex., a higher effective temperature 
range for indoor summer cooling would be required. 

One significant fact brought out in last summer’s study, how- 
ever, leads to the belief that the desirable indoor effective tem- 
perature range for summer cooling may not go any higher than 
that found for Pittsburgh, in spite of higher outside tempera- 
tures. The desirable effective temperature range for indoor 
cooling in Pittsburgh last summer was found to have an upper 
limit but a degree or two lower than the perspiration line. Since 
it may be accepted as axiomatic that summer cooling conditions 
must not result in sensible perspiration, it would follow that the 
upper limit of the effective temperature range for any region 
could not go higher, unless the perspiration line also moves 
upward with different climatic conditions. Perspiration being 
a fundamental physiological reaction, it would seem. unlikely 
to occur at varying effective temperatures based upon climatic 
conditions, although this fact has not been established. This 
phase of the subject should be next studied by selecting a mini- 
mum of two additional localities, one in a hotter region near 
the Gulf Coast, and one in a cooler region, such as Toronto, 
Ontario. If two such localities as New Orleans and Toronto 
should be studied next summer and the results compared with 
those found at Pittsburgh, it should be possible to more defi- 
nitely establish the fact that climatic variations require variations 
in desired effective temperatures for summer cooling. If Pitts- 
burgh and these other two localities show little variation, then the 
subject could be dropped; on the other hand, if these three locali- 
ties should show a wide variation, then it might be desirable to 
extend the study to other localities having different summer 
climates. 

(4) Variation in Age and Sensitivity of Persons in Relation 
to Summer Cooling: Undoubtedly, the conclusiveness of the 
Laboratory’s study last summer can be criticized most because 
of the fact that the subjects were young, rugged men. In this 
connection, it is well to point out that this criticism was antici- 
pated before last summer’s study was made, and that the 
criticism of the Laboratory’s work last summer is not so much 
the finding of fault in the plan followed by the Laboratory as 
it is a criticism of using the results as conclusive until. further 
work is done. It was agreed that it was desirable to make the 
preliminary survey with persons not supersensitive to summer 
cooling, and then later to study variations from these basic 
findings. It is certain, however, that additional work should be 
done to show variations resulting from variations in age and 
sensitivity in individuals. Those associated closely with the 
work are inclined to believe that those conditions which the young 
subjects classed as comfortable, or at (4) in the test scale, will 
not be uncomfortable to most older and more sensitive people. 
It is thought that the difference will rather lie in the ability of 
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different age groups to stand lower temperatures without undue 
discomfort. As an example, it may be expected that all age 
groups will be comfortable in the same effective temperature 
range in which the young subjects were comfortable, but that 
while the young subjects experienced no great discomfort at 
effective temperatures of 70 deg and lower, but simply voted that 
they felt cool, older persons will not only feel cool but they will 
feel decidedly uncomfortable. This is, of course, only a conjec- 
ture, and further study will prove*it either true or false. If, 
however, this conjecture is true, this phase of the problem can 
be easily disposed of; on the other hand, if it is not true and it 
is found that different age groups desire different effective tem- 
perature ranges, then a final solution of the problem will be 
difficult to find. 

(5) Drafts in Cooling: The question of what constitutes ob- 
jectionable drafts is always a vital question when cooled air is 
admitted to a room, or when cooling is applied otherwise. Con- 
siderable work has been done on what constitutes allowable air 
motion within occupied space in heating practice. Many are of 
the opinion that these same limitations apply to summer cooling. 
It is almost certain that they do not apply to the same extent. 
In fact, it is probable the air movement in summer cooling can 
be used as a considerable factor in reducing the sense of warmth. 
To be so used, however, air movement must necessarily be uni- 
form so as not to produce excessive cooling of any localized 
parts of the body. While, as mentioned above, there is consider- 
able data on the subject of allowable air velocities in occupied 
space at, for example, 70 F during the heating season, these 
velocities must be uniform and of the same temperature as the 
uniform room temperature. 

There is perhaps as little data available on the subject of what 
constitutes a draft in heating practice as in cooling practice. 
Therefore, aside from the question of determining what are 
allowable uniform air movements in a room for cooling when 
this air velocity is accounted for in the effective temperature, it 
is desirable to make a study of cold drafts as such, both for such 
temperatures as are used in heating and in cooling. This prob- 
lem is one and the same, and should be carried on as applying to 
both heating and cooling. The greatest difficulty that the Labo- 
ratory had in its study of Minimum Temperature and Method of 
Introduction of Cooling Air in classrooms last winter was in 
determining what a draft was. Undoubtedly, a draft is one of 
the most discussed phenomena considered by the heating, ven- 
tilating and air conditioning engineer, and yet, to date there has 
been no effort to determine what combinations of air movement 
and temperature constitute a draft. 

Since this phase of the study is most fundamental to the entire 
heating, ventilating and air conditioning industry, as well as to 
the study of summer cooling standards, it should be carried on at 
once. At least most phases of the study can be carried on with- 
out respect to winter or summer, and it is suggested that the 
Laboratory proceed with this phase of the study at once. In 
making the study, means should be set up in the psychrometric 
rooms for producing a localized area of rather constant, linear 
air movement, the temperature of which can be controlled, irre- 
spective of the surrounding more or less uniform room tempera- 
ture. Arrangements should be such that this uniform air velocity 
of known temperature and speed may be directed against various 
parts of the body, including the top of the head, the back of the 
neck, the back, the thigh and the ankles. The study probably 
will not be difficult nor require a great deal of time. 

(6) Physiological Effects on Entering, Occupying and Leav- 
ing a Cooled Room: In order to have a better understanding 
of what takes place when a person receives a shock upon enter- 
ing a cooled space or a relapse upon reentering the hot outside, 
it is desirable to make a brief study of such physiological reac- 
tions as skin temperature and perspiration effects during such 
changes. Many persons are talking about skin temperature 
effects without knowing much about what they are and the 
variations met with under the changes referred to previously. 
This phase of the study will not be long, and at least a large part 
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of it can be carried on either during the winter or summer. 
In fact, some of the results may be gleaned from a further 
analysis of data available at the Laboratory and collected several 
years ago. 

(7) Physiological Reactions to Air Conditions Which May 
be of Value in the Treatment of Diseases: During the past few 
months the Laboratory, working under this committee, has 
developed a friendly cooperation with medical staff at the Uni- 
versity of Pittsburgh. The committee is particularly happy over 
the fact that these members of the medical profession came to 
the Laboratory with their problem, as a result of the Labora- 
tory’s papers of a physiological nature published over the past 
several years. 

These members of the medical staff are giving particular atten- 
tion to the treatment of certain diseases by subjecting the indi- 
vidual to certain definitely controlled atmospheric conditions, 
particularly pertaining to atmospheric temperature. A few years 
ago the Laboratory made its psychrometric rooms available for 
the treatment of a few syphilitic patients. As a result of this 
study, it was rather conclusively proven that syphilis could be 
cured by subjecting the patient to a high temperature atmosphere. 
This cure seemed to be, equivalent to the prevailing cure by giving 
the patient malaria féver. Probably the only advantage in the 
malaria fever treatment was the high body temperature result- 
ing. Following these disclosures, the question arose as to whether 
the high body temperature killed micro-organisms within the 
body directly, or whether the high temperature brought the effect 
about indirectly by increasing the white blood cell or leucocyte 
count of the blood, which is recognized as a measure of the 
ability of the body to throw off infections. 

The Laboratory recently cooperated with the medical staff 
at the University of Pittsburgh in making the psychrometric 
rooms available for studies of the effect of high temperature of 
the body on its blood count, and in which members of the Labo- 
ratory personnel acted as subjects. It was found that upon 
raising the body temperature 104 F in a saturated atmosphere of 
110 F, the leucocyte count of the blood was, during the same 
period of time, increasing from about 5,000 to about 14,000, hence 
definitely establishing the fact that the high temperature does 
immediately change the leucocyte count of the blood. 

Whether or not these developments will have far reaching 
effects in the treatment of diseases by air conditioning remains 
to be seen. However, it at least opens up a very extensive and 
most interesting range of possibilities. The Laboratory has 
been asked to collaborate with the University in preparing a 
paper on the brief findings mentioned. 


5. CORROSION IN AIR CONDITIONING 


EQUIPMENT 
A. E. Stacey, Chairman C. M. Sterne 
M. S. Kice R. T. Thornton 
F. N. Speller J. H. Walker 


This committee was appointed in the late summer to under- 
take a study of corrosion problems in air conditioning equip- 
ment. The committee has since been actively engaged in for- 
mulating a program. While a complete program has not yet 
been completed, the committee is at the present time studying 
the seriousness of the corrosion problem in general, the prevail- 
ing conditions surrounding locations of serious corrosion, the 
metals involved, and whether the corrosion results from contact 
with the atmosphere or water. The committee is giving further 
consideration to atmosphere contamination which may result in 
corrosion, the characters of water which may result in corrosion 
of metals in contact with it, and possible treatment of such water 
in order to improve conditions. Consideration is also being given 
to the effectiveness of protective coatings in reducing corrosion. 
In studying the seriousness of the corrosion problem in order 
to determine whether research is desirable, the committee is 
giving thought to air conditioning equipment which may be in- 
cluded in several different types, which based upon usage may 
react differently as regards corrosion. 
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6. CORROSION IN HEATING SYSTEMS 
J. H. Walker, Chairman 


E. L. Chappell L. B. Miller 
W. H. Driscoll R. R. Seeber 
C. A. Dunham C, M. Sterne 


This committee was organized to cooperate with the Michigan 
College of Mining and Technology in a study of corrosion of 
ferrous metals in heating systems. A research project has been 
under way at that institution since June, 1933. A preliminary 
report was presented to the 1934 Annual Meeting by Prof. R. R 
Seeber. A second report" will be presented at the Annual Meet- 
ing. The results give promise of throwing considerable light on 
the knowledge of corrosion in heating system return lines and 
methods of reducing it. Up to the present time the work has 
been financed entirely by the college, but it is hoped to obtain 
financial support from industry during 1936. 

While the committee was originally organized to study cor- 
rosion of ferrous metals only, in heating systems, there has been 
a persistent demand that it also give consideration to corrosion 
of copper and copper bearing alloys in such systems. 
tion was given to this phase of the subject during the year. A 


Considera- 


questionnaire was sent out to a number of persons interested in 
the subject, and later this information was surveyed and dis- 
cussed at a conference during the Semi-Annual Meeting. At 
this conference there was considerable interest shown in the 
problem, but there was no unanimous agreement concerning the 
need of such a study, it being contended by some that the cor- 
rosion resulting from the use of copper and copper bearing alloys 
in heating systems was so slight in comparison with corrosion 
of ferrous metals as to be negligible. Others reported consider- 
able trouble from such corrosion, while others argued that the 
decreased thickness of copper and copper bearing alloys used 
might more than offset the decreased rate of corrosion. Another 
conference on the subject was arranged for and held in New 
York on Tuesday, December 3, attended by 13 engineers inter- 
ested in the subject and representing 12 different organizations. 
No plans for future action were arrived at, but it was agreed 
that continued consideration of the subject was desirable. 


7. DIRECT AND INDIRECT RADIATION WITH 
GRAVITY AIR CIRCULATION 


H. F. Hutzel, Chairman J. W. McElgin 
M. K. Fahnestock J. F. Melntire 
H,. R. Linn T. A. Novotney 
J. P. Magos R. N. Trane 


The committee continued to give consideration to the subject 
during the past year and active research was continued at the 
University of Illinois, in spite of limited funds. Two investiga- 
tions are being made, neither of which is completed, but final 
reports may be expected for the Semi-Annual Meeting. 

The work in the warm wall test booth consists of a study of 
the inlet and outlets of convector heater cabinets with reference 
to their effect upon the heat output or capacity of the units, in 
an attempt to arrive at definite recommendations as to the op- 
timum dimensions for such openings in terms of the free area 
through the heating unit or the cross-section area of the cabinet. 
Three convectors, each having a different type of heating unit, 
are being tested. This program is approximately 30 per cent 
completed and the results indicate that there is an optimum inlet 
and outlet arrangement for a given cabinet and heating unit 
combination and that a variation from this optimum, especially 
in the case of the outlet, will materially reduce the heat output. 

In the room heating testing plant an investigation is being made 
to determine the rate at which a room cools and heats with 
different types of radiators and convectors. This involves the 
effect on room air temperatures of the residual heat stored in 
cast-iron and non-ferrous convectors and cast-iron radiators when 
the steam supply is shut off. Four convectors, two having cast- 
iron heating units and two having non-ferrous heating units, and 
two types of cast-iron radiators are being tested. This investi- 
gation is nearly completed and it is anticipated that the results 
will be presented at the Semi-Annual Meeting. 
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Immediately following the completion of the program it is 
planned to undertake a brief study of the effect of insulating, 
first, the ceiling and then both the exposed walls and ceiling, of 
the test room in the room heating testing plant. This study will 
involve a comparison of the steam condensation and the room 
temperature conditions with the room uninsulated, with the ceiling 
insulated, with the ceiling uninsulated and with both walls and 
ceiling insulated. 


8. EFFECT OF ENTERING TEMPERATURE AND 
VELOCITY ON THE TEMPERATURE AND DIS- 
TRIBUTION OF AIR WITHIN AN ENCLOSURE 


C. H. Randolph, Chairman 


E. H. Baars J. E. Schoen 
J. S. Jung Ernest Szekely 
F, A. Kartak J. H. Volk 


The committee completed plans for the study to be carried on 
in cooperation with Marquette University at Milwaukee. Suit- 
able space was made available and a few preliminary tests were 
made. 


9. FRICTIONAL RESISTANCE TO FLOW OF AIR 
IN SMALL DUCTS AND FITTINGS 


J. H. Van Alsburg, Chairman 
C. A. Booth L. B. Miller 
S. H. Downs L. E. Smith 

This committee was appointed during the present year to make 
a study of the frictional resistance to the flow of air in ducts, 
elbows and other fittings of small size, such as are finding wide 
application at the present time in air conditioning and heating 
systems in small buildings, and particularly as used in fan-furnace 
systems. 

The committee has given considerable study to the problem 
and has outlined a program to be followed by the Laboratory in 
Pittsburgh, including the building up of a test set-up in which 
the frictional resistance to the flow of air may be studied in 
ducts and fittings of various sizes and design. This work is now 
being actively taken up by the Laboratory. 


10. GAS HEATING 


W. E. Stark, Chairman 


R. M. Conner Thomson King 
C. A. Dunham J. F. McIntire 
Robert Harper E. L. Tornquist 
E. A. Jones H. L. Whitelaw 


This committee is continuing to give consideration to problems 
connected with the use of gas in central heating systems. No 
projects have been outlined requiring laboratory study beyond 
those being investigated by the testing laboratory of the American 
Gas Association. 


11. HEAT REQUIREMENTS OF BUILDINGS 


D. S. Boyden, Chairman G. L. Larson 

P. D. Close H. H. Mather 
W. H.. Driscoll E. C. Rack 

H. M. Hart F. B. Rowley 

P. E. Holcombe R. J. J. Tennant 
V. W. Huuter J. H. Walker 


The Committee on Heat Requirements of Buildings, appointed 
two years ago for the purpose of developing a more rational 
understanding of the factors affecting the heating requirements 
of buildings, has continued to be active during the past year. 
Although several research projects dealing with certain phases 
of the subject are being studied, their effort in arriving at a final 
solution of the problem has proven extremely slow, largely for 
the reason that a study in a given building under definitely pre- 
scribed conditions must be continued throughout an entire heating 
season to be of any value whatever. Further, no one such study 
can be relied upon as a basis for a rational understanding of the 
complicated problem, but must rather be considered as one link 
in a long chain of evidence which must be completed before a 






final solution and conclusive report can be made by the com- 
mittee. Invariably, however, all the evidence being analyzed by 
the committee tends to indicate that our present methods of esti- 
mating heat losses from buildings give values greater than those 
established by test. The real purpose of this committee is to 
eliminate the discrepancy. In attacking its problem, the com- 
mittee has had the close cooperation and support of the National 
District Heating Association, the American Gas Association, the 
National Warm Air Heating and Air Conditioning Association, 
and others interested in the heating requirements of buildings. 

During the life of the committee the following reports, resulting 
from definite concrete studies, have been presented, each of which 
has been helpful in solving the committee’s problem: 

1. Selecting Temperatures and Wind Velocities for Calculating Heat 
Losses, by P. D. Close. A.S.H.V.E. Transactions, Vol. 40, 1934. 
Influence of Stack Eifect on the Heat Loss in Tall Buildings, by 
Axel Marin. A.S.H.V.E. Transactions, Vol. 40, 1934. 

3. Wind Velccities Near a Building and Their Effect on Heat Loss, by 
F. C. Houghten, J. L., Blackshaw and Carl Gutberlet. A.S.H.V.E. 


TRANSACTIONS, Vol. 40, 1934. 

4. Tests of Three Heating Systems in an Industrial Type of Build- 
ing, by G L. Larson, D W. Nelson and John James. A.S.H.V.E. 
JournaL Saction, Heating, Piping and Air Conditioning, Novem- 
ber, 1934. 

5. Heat Requirements of Buildings, by J. H. Walker and G. H. Tuttle. 
A.S.H.V.E. Journat Section, Heating, Piping and Air Conditioning, 
December, 1934. 

During the current year the committee has had several projects 
under consideration. In some cases these projects have resulted 
in reports for presentation at the Society’s meetings, while in 
other cases, the projects have reached various stages of comple- 
tion. These will be discussed as follows: 

Heating Requirements—Sibley Dome, Cornell University: The 
committee, working with the Laboratory in Pittsburgh, cooper- 
ated with the Cornell University through H. M. Ward of the 
Department of Buildings and Grounds, and Perry West, acting 
as consultant for the University, and perfected plans for a com- 
prehensive study of the various factors affecting heat losses from 
Sibley Dome, one of the buiidings of the University. Data were 
collected under Mr. Ward’s direction throughout the past heating 
season, giving a daily record of the steam consumption together 
with temperatures in various parts of the building, the character 
of building occupancy, and the outside temperature and wind 
velocity observed in close proximity to the building. These data 
are being analyzed and a paper is being prepared for presenta- 
tion to the Society. This study and the resulting report should 
add much to knowledge of the variation in the daily heating load 
with occupancy and outside weather conditions for a typical uni- 
versity building. 

Heat Requirements—Agricultural and Mechanical College of 
Texas: Plans have been perfected through the committee and 
the Laboratory, in cooperation with Professor F. E. Giesecke, 
for a study of the heat requirements of one of the buildings at 
the Agricultural and Mechanical College of Texas. The active 
collection of the data in this study was started during the Fall 
and will be continued throughout the present heating season. 

The building under test is heated with forced circulation hot 
water. Recording and integrating water flow meters located in 
the supply to, and return from, the building, together with re- 
cording thermometers, will give an accurate record of the heat 
delivered to the building. Recording thermometers located 
throughout the building will give the air temperatures .main- 
tained, which taken together with the construction characteristics 
of the building and the outside temperature, wind velocity and 
solar radiation will allow a close correlation between our avail- 
able knowledge of heat transfer and heat capacity of the walls 
and the actual heat loss under normal building operation and 
weather conditions. 

Heat Requirements—Grant Building, Pittsburgh, Pa.: The 
Research Laboratory has made a study of the hourly heat load 
required to maintain uniform temperatures in eight offices, hav- 
ing three exposures and on three different floors of the Grant 
Building, during the last half of the 1933-34 heating season. This 
study has already resulted in the paper, Wind Velocities Near 
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\dditional data 
collected in this study are being analyzed and will be presented 
to the Society at a later date. This study should result in a 
correlation between the actual heat loss from the several rooms 
studied and the simultaneously existing temperature and wind 
velocity, both as reported by the Weather Bureau for the city 
and as actually observed a short distance outside of each indi- 
vidual room window. 

Comparative Heat Loss from Insulated and Non-Insulated 
Buildings: The committee was recently supplied a mass of 
tabulated data collected for it, giving the heat requirements in 
insulated and non-insulated, electrically heated buildings in Mason 
City, at the Grand Coulee Dam Site, State of Washington. These 
data will be analyzed with a view of presenting a paper on the 
subject to the Society. 


a Building and Their Effect on Heat Loss. 


Degree Day: A further analysis of the degree-day method 
of estimating heating requirements and its application to various 
types of buildings and methods of heating is being made. 

Study of Heat Flow Through Roofs and Walls of Buildings as 
Affected by Heat Capacity and Solar Radiation: The Research 
Laboratory has from time to time studied heat flow through 
walls with the Nicholls Heat Flow Meter under various natural 
weather conditions. “It has also supplied data on cyclic flow 
of heat through three typical roof decks resulting from the 
diurnal change in weather, including solar radiation. It is felt 
that an additional study of this subject should be made with a 
view of making the findings more easily applied in the estima- 
tion of heating and cooling requirements. This continued study 
is being considered by the committee. 

Study of Conductivity of Concrete and Heat Transfer Co- 
efficients for Various Wall Constructions Containing Concrete: 
Through cooperation between the Research Laboratory, the Uni- 
versity of Minnesota and the Portland Cement Association, a 
study is being carried on by Prof. F. B. Rowley at the Univer- 
sity of Minnesota, on the various factors affecting conductivity 
and heat transfer coefficients for walls containing concrete. The 
work has been in progress for a year, during which time 30 
different types of walls were constructed and tested to determine 
their thermal properties. These walls contain different types 
of aggregate such as sand, gravel, crushed limestone, cinders and 
haydite. Insulating materials have been placed in the cells of 
the hollow blocks of some of the walls, and in other cases 
insulating materials have been used as a sheet of uniform thick- 
ness over the full area of the wall. A paper’ covering the results 
thus far obtained will be presented to the Annual Meeting. A 
further program has been formulated, including the construction 
of an additional 15 walls, which will show the effect of different 
applications of insulating materials. A report covering this part 
of the work will be published next spring. 


12. HEAT TRANSFER OF FINNED TUBES WITH 
FORCED AIR CIRCULATION 


F. B. Rowley, Chairman 
S. H. Downs R. H. Norris 
H. F. Hutzel W. E. Stark 
E. J. Lindseth G. L. Tuve 

The committee has continued to give consideration to a num- 
ber of phases of this complicated problem, including the effect of : 

(1) Reversing the direction of heat flow; that is, cooling air with same 
number of degrees temperature difference between the water flow- 
ing through the coil and the air, and with the same velocity of 
water through the coil and the same velocity of air through the 
heater. 

Investigation of the effect of the velocity of the water flowing in 
the tube on the surface coefficient of heat transfer from water 
to tube, or vice-versa. 

(3) A study of heat transfer in the dehumidification of air by direct 

expansion of Freon in the coils. 

A laboratory study is being made by Prof. G. L. Tuve at Case 
School of Applied Science. Following the publication of the first 
report on the subject in 1934, 250 one-hour tests have been made 
and the results have been correlated with data published by other 
investigators and with the performance tables published by manu- 
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facturers of finned tubing. The study so far indicates that while 
there is available fair knowledge of the laws governing heat 
transfer to or from finned tubing, the data available to engineers 
are in some respects inconsistent. More research is necessary, 
especially in the field of dehumidification, in order to establish 
a satisfactory basis for uniform methods of rating these units. 
It is suggested that the Society establish a simple and uniform 
method for testing any given design of extended surface unit, 
and to specify certain features in the developing of complete 
performance tables from such tests. A report® giving the results 
of the study to date will be presented to the Annual Meeting. 
This report includes a suggested method of establishing ratings. 


13. MINIMUM TEMPERATURE AND METHOD OF 
INTRODUCTION OF COOLING AIR IN 


CLASSROOMS 
Perry West, Chairman 
J. D. Cassell A. J. Nesbitt 
S. R. Lewis G. E, Otis 
J. R. McColl C.-E. A. Winslow 


The work of this committee as originally outlined was carried 
out by the Laboratory in schools in the Pittsburgh district. The 
study resulted in three papers*** presented at the Semi-Annual 
Meeting. 
regards all the phases of the subjects studied, they have served 


While these papers were not entirely conclusive as 


to clarify our understanding of the subject, and no further in- 
vestigations have been planned by the committee. 


14. REFRIGERATION IN RELATION TO AIR 


TREATMENT 
M. K. Fahnestock, Chairman 
E. A. Brandt K. W. Mille: 
John Everetts, Jr. E. B. Newill 
E. D. Harrington F. G. Sedgwick 
E. D. Milener J. H. Walker 


The studies carried on under the committee in summer cooling 
in the Research Residence at the University of Illinois were 
continued through the summer of 1935, using city supply water 
available at a temperature of 58 F as the cooling medium. With 
the exception of the cooling coils and the air circulating fan the 
duct system was the same as in the previous studies made during 
the summers of 1932, 1933 and 1934. 
summer it was possible to supplement the artificial cooling re- 
quired during the daytime with cooling with outdoor air at night 
for practically the entire season. The amount of cooling was 
controlled by an on and off motor valve located in the water 
supply line to the cooling coils. A common type of thermostat 
operated the motor valve to maintain a constant temperature of 
approximately 80 F in the house. For a few tests, when an 
attempt was made to maintain a constant effective temperature 
in the house, the thermostat was supplanted with manual opera- 
tion. Over the entire periods requiring cooling, the air recircu- 
lating fan was operated continuously and outdoor air equivalent 
to approximately one air change per hour was brought into the 
house for the purpose of ventilation. 

The results of the summer’s work using the city supply water 
with a temperature of 58 F indicated: 

(1) That the amount of cooling coil surface required added consider- 
able air resistance to the recirculating system, necessitating the 
installation of a materially larger recirculating fan than that re- 
quired for heating. 

(2) That a dry-bulb temperature of 80 F could be satisfactorily main- 
tained with the water cooling coils. 

(3) That although an appreciable amount of dehumidification was ob- 
tained it was not sufficient to reduce the relative humidity in the 
house below 68 per cent and the resulting air conditions could not 
be regarded as entirely satisfactory. 

The work will be continued during the summer of 1936 using 
water at two different temperatures below 58 F. The mechanical 
refrigerating equipment, including a condensing unit and water 
cooler, for cooling water to any desired temperature, is installed 
in the Research Residence and ready to operate. 

The National Warm Air Heating and Air Conditioning Asso- 


Due to the unusually cool 
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ciation and a number of manufacturers of air conditioning ap- 
paratus cooperated in these studies. A paper will be presented 
at the next Semi-Annual Meeting. 


15. SOUND IN RELATION TO HEATING AND 
VENTILATION 


V. O. Knudsen, Chairman 


Carl Ashley J. S. Parkinson 


C: A. Booth C. H. Randolph 
F, C. McIntosh J. P. Reis 
R. F. Norris G. T. Stanton 


The committee continued its study of various phases of the 
subject throughout the year. A meeting was held in New York 
on December 9, attended by five members of the committee 
and others. Consideration was given to the problem of setting 
up a suitable procedure for measuring the noise of equipment in 
the factory or laboratory. It was felt that such measurements 
should be so made that the results would enable the manufac- 
turer to predict what level his equipment would set up in actual 
installations. Among the factors discussed were the type of 
room to be used, the type of noise meter, the direction of the 
microphone and its distance from the unit, etc. 

Consideration was given by the committee to a table of noise 
levels representing the weighted average of figures obtained from 
all available sources on this subject. This table is given: 


Room Locations 
Loudness Level in Decibels 
to be Anticipated* 


Location Min. Representative Max. 
See ES cb cndeendccececcs hota iia 14 20 
Radio Broadcasting Studios................. 10 14 20 
EEE COE ETT Fret 15 20 25 
Residence Apartwiemts, C66... 0... cccccesccces 25 35 40 
EIS voccaccicnecedcccnnanes 25 30 35 
Theaters—Motion Picture ...........eeeeeees 80 85 40 
Auditoriums, Concert Halls, etc.............. 25 30 40 
I oe coon deed eebeeeeenhkdewanné ae 85 40 
Executive Offices—Treated Private Offices... 25 33 40 
Private Offices—Untreated ........cceeeeeees 40 45 50 
OE OSE ae ee eee re ee 55 60 
CY wien anit hth eau Mae eke Sea see er OS 20 50 70 
Cheese Meee 6.60053: , a tiwhemseay ade Ae 40 50 
Libraries, Museums, Art Galleries........... 30 40 45 
Public Buildings—Court Houses, Post Offices, 

OO c16 beG eid ae BOER aR wt id deena ee teed 45 55 60 
ES EE EO EE ee Ph eA ee 40 50 60 
Upper Floors Department Stores............ 40 50 55 
Stores—General—including Main Floor of De- 

i Oe Cs cme kedane xe OReee we 50 60 70 
NR «6 cnc g cemd nonseeee mone 40 50 60 
Restaurants and Cafeterias. .........0csseee. 55 65 75 
ons cic DS a menaale hehe eke 50 55 60 
Pe cee ck aorta takes edad einen e nae . & 70 80 
Sy ED POON conc 6c crtedcossicacns<s 60 70 80 

Venicurar NoIsE 
OS EE Se en ee eer nee ee ee 60> 70 80 
SS Pere Pe ea, eee 55> 65 75 
I gad ote tanh ee eh sks danewdacewn 50 65 80 
i TE, foo. ecu ee hs eE ke Oee wane 75 85 95 
80 90 100 


Airplane 


“It is assumed that if equipment noise alone is not greater than these 
levels of background noise at any frequency band, results will be com- 
mercially satisfactory. When both are heard together, an increase in 
total level of 3 db can be anticipated. : : 

>For train standing in station a level of about 45 db is the maximum 
which can ordinarily be tolerated. 

Consideration was also given to an acceptable improvement in 
the standard available data on sound in relation to heating and 
ventilation as contained in THe Gurpe. 

The committee agreed that there was need for more research 
on this subject than could be expected from commercial firms 
now interested. In particular, information is needed on the rela- 
tion betwéen factory or laboratory measurements on the total 
noise given off by a unit and the actual levels set up in installa- 
tion. The simple theory on this point requires considerably more 
experimental vertification than is now available. Information is 
also to be desired on the effect of sound absorbent linings in 
different sizes and length of duct, and in particular on the 
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effect of such linings in elbows and turns. This problem has 
heen the subject of considerable research by several firms, but 
the information is by no means complete. It is the recommenda- 
tion of the committee that the Committee on Research consider 
the desirability of conducting such studies at the Research 
Laboratory of the Society. 


16. VENTILATION OF GARAGES AND 
BUS TERMINALS 
E. K. Campbell, Chairman 
S. H. Downs F. H. Hecht 
rr. M. Dugan H. L. Moore 
E. C. Evans A. H. Sluss 
The committe continued to give consideration during the year 
to various problems in connection with garage ventilation. The 
Garage Ventilation Code, prepared by the committee, was pre- 
sented to the Society for final consideration and was adopted. 
Consideration was given to a proposal made by persons interested 
in ozone for its use in garages in order to minimize the harmful 
effects of carbon monoxide on occupants. From all information 
available on the probable chemical reactions between carbon 
monoxide and ozone in the atmosphere, and the effect of carbon 
monoxide on persons, either with or without the presence of 
ozone, it is indicated rather conclusively that no benefit could be 
had from such application. However, in order not to be too 
arbitrary in the matter, the committee proposed a brief scientific 
study of the subject at the Research Laboratory in cooperation 
with the U. S. Bureau of Mines and the U. S. Public Health 
Service. This proposal has not been accepted by those pro- 
moting the idea. 





Death of Ralph Collamore 


Members of the Society and the many friends of Ralph Colla- 
more will be saddened to learn of his death on November 22, 1935. 

Mr. Collamore had long been associated with the heating and 
ventilating engineering profession. He was born February 2, 
1875, at Toledo, Ohio, and he received his preparatory education 
in the city high and manual training schools. In 1897 he was 
given the degree of B. S. M. E. from the University of Michigan. 

Beginning in September 1897 Mr. Collamore was associated 
with the firm of Field and Hinchman, Detroit, Mich., and their 
successors Field, Hinchman and Smith. He became secretary 
of the latter firm and retained this position with Smith, Hinch- 
man and Grylls, well-known architects and engineers. 

Mr. Collamore became a Member of the AMERICAN SOCIETY 
oF HEATING AND VENTILATING ENGINEERS in 1904 and he served 
as a member of the Society’s Board of Governors in 1913. 

The Officers and Council of the Society wish to express their 
sincere sorrow for the loss which has been sustained. 





Watt Bicentenary Observed 


Honor was paid to James Watt, inventor of the Watt steam 
engine, when the 200th anniversary of his birth was observed 
in the United States, January 19-21, 1936. 

Special programs were arranged by Lehigh University, Frank- 
lin Institute of the State of Pennsylvania, the American Society 
of Mechanical Engineers, and the Newcomen Society of England. 

On Sunday, January 19, an international broadcast from the 
Science Museum, South Kensington, London, England, was heard 
at Franklin Institute, Philadelphia, Pa., and models of New- 
comen and Watt engines and other appropriate exhibits were on 
display. 

Tribute to James Watt was paid on January 20 at Lehigh 
University, Bethlehem, Pa., when an interesting program was 
enjoyed. On January 21 an exhibition and demonstration of the 
Watt steam engine was given in the Hall of Prime Movers of 
Franklin Institute and a meeting of the Newcomen Society of 
England was held. A formal dinner at the Bellevue-Stratford 
Hotel, Philadelphia, Pa., with appropriate addresses, closed the 
celebration. 
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42nd Annual Meeting 


EMBERS of the American Society oF HEATING AND 
I VENTILATING ENGINEERS are enthusiastic about the 


42nd Annual Meeting held at the Palmer House, Chi- 
cago, Ill., January 27-30, 1936. All attendance records were 
broken with a total registration of 1265 members and guests 
who came from all parts of the United States and Canada. 

A business meeting and three technical sessions, in the Red 
Lacquer Room, had an unusually large attendance, which was 
particularly gratifying to Pres. John Howatt and the Commit- 
tee on Arrangements of Illinois Chapter. 

Special attention was given to the entertainment of members, 
ladies, and guests and the plans made by the Illinois Chapter 
provided delightful diversion and were heartily enjoyed by all 
who attended. 

Reception and registration began on Monday morning and 
a business meeting was devoted to annual reports and discussion 
of the Proposed Standard of Rating and Testing Air Condi- 
tioning Equipment. The results of the election of Officers and 
members of the Council for a three-year term were announced 
by R. H. Carpenter, chairman of the Tellers of Election. 

On January 27 the Council had a luncheon and meeting at 
the Saddle and Sirloin Club, Stock Yards Inn, and then took 
part in the formal opening of the 4th International Heating and 
Ventilating Exposition held at the International Amphitheatre 
in conjunction with the A. S. H. V. E. Annual Meeting. Later 
members of the Council met for the transaction of Society busi- 
ness with every Council member in attendance. 

An informal reception Monday evening featured Miss Alice 
Blue, pianist of Station WGN, who played in the Illinois Chap- 
ter Room at the Palmer House. 

The first technical session opened on Tuesday morning, when 
J. H. Milliken, president of the Illinois Chapter and chairman of 
the Committee on Arrangements, greeted A. S. H. V. E. mem- 
bers and guests. President Howatt responded and a Welcome 
to Chicago was given by the Hon. Edw. J. Kelly, Mayor of 
the city. Three papers were presented on the subjects of Thermal 
Properties of Concrete Construction, Comparative Study of Com- 
bustion Results with Various Thermostats, and Fuel Saving Re- 
sulting from the Use of Storm Windows and Doors. A Get- 
Acquainted luncheon for members and guests was enjoyed in the 
Chicago Room and in the afternoon the Committee on Research, 
Chapter Officers, and the Nominating Committee held meetings. 

The Past Presidents held their annual dinner Tuesday evening 
and initiated C. V. Haynes as a member of this august group. 
A House-Warming Party in the Red Lacquer Room provided 
entertainment by Norman Ross and his N. B.C. Amateurs, and 
dancing to music by the Broadcasters. 





Wednesday morning’s session was given over to the presenta- 
tion of four technical papers on Performance of Fin-Tube Units 
for Air Heating, Cooling and Dehumidifying, Subjective Reactions 
of Human Beings to Certain Outdoor Atmospheric Conditions, 
Ventilation Requirements, and Airfoil Fan Characteristics. In 
the afternoon a joint meeting was held with the National Warm 
Air Heating and Air Conditioning Association at the Stevens 
Hotel. The A. S. H. V. E. 


the presentation of a paper on Room Surface Temperature of 


was represented on the program by 


Glass Windows. 

This year the Annual Banquet and Dance, in the Grand Ball- 
room of the Palmer House, was attended by 710. It was an 
occasion of unusual note and included a broadcast by President 
Howatt over the N. B.C. blue network on the Armco program 
dedicated to Air Conditioning. 

Honor was paid to Dr. Arthur Cutts Willard, president of the 
University of Illinois, past president of the A. S. H. V. E., 
research technical adviser and member of the Society, who re- 
ceived the F. Paul Anderson Medal. The presentation of the 
award to Dr. Willard was made by President Howatt, who in 
turn was honored by receiving the A. S. H. V. E. past presi- 
dent’s emblem from S. R. Lewis. O. J. Prentice was toastmaster 
and Maj. John L. Griffith addressed the gathering on Competi- 
tion in Athletics and in Business. Earlier in the evening beau- 
tiful vocal selections were rendered by the famous Old Heidel- 
burg Octette and later Waddy Wadsworth and his band played 
for dancing. 

In spite of the strenuous night before, a large number of mem- 
bers and guests were on hand early Thursday morning for the 
final session. On the program were papers presenting Comfort 
Standards for Summer Air Conditioning and Corrosion Studies 
in Steam Heating Systems. The installation of officers, resolu- 
tions, and other business took place before the 42nd Annual 
Meeting of the A. S. H. V. E. was adjourned. 

A luncheon and organization meeting of the new Council fol- 
lowed, as well as a meeting of the Guide Publication Commit- 
tee. On Thursday afternoon and Friday morning inspection 
trips were made to various manufacturing plants. 

The ladies enjoyed the use of the Illinois Chapter Room and 
in addition to the evening events, they were entertained by a 
tea, a trip to the Chicago Art Institute, a luncheon and style 
show at Marshall Field & Co., a tour of a radio broadcasting 
station and a bridge party. 

The Committee on Arrangements is to be congratulated on 
its plans and efforts which resulted in the successful operation 
of the largest meeting in the history of the A. S. H. V. E., the 
complete proceedings of which will appear in the March issue 
of the Journal. 











A. S. H. V. E. Officers Elected in 1936 













G. L. Larson D. S. Boyvpen 
Madison, Wis. Boston, Mass: 
President First Vice-President 





E. H. Gurney ALFRED J. OFFNER 
Toronto, Can. New York, N. Y. 
Second Vice-President Treasurer 









Council Members Elected for Three-Year Term 





R. C. BoLsiNGerR S. H. Downs 
Norristown, Pa. Kalamazoo, Mich. 





W. L. FLEISHER C. M. Humptrreys 
New York, N. Y. Pittsburgh, Pa. 











Local Chapter Reports 





Illinois 


January 13, 1936. This occasion was Ladies’ Night and a 
dinner meeting was held in the Louis XVI room of the Sherman 
Hotel, where twelve large tables were set with decorations and 
place cards. An issue of Time featuring Dr. A. H. Compton, who 
was the distinguished guest of honor, was at each place. 

After dinner, Pres. J. H. Milliken called on Secy. L. S. Ries 
to introduce Dr. Compton, Professor of Physics at the Univer- 
sity of Chicago, and Nobel Prize Winner of 1927, who was the 
speaker of the evening. 

Dr. Compton gave an interesting and instructive discussion of 
Cosmic Rays illustrated with stereopticon slides in color. During 
the many expeditions which he has made with the cosmic ray 
meter involving a distance of more than 50,000 miles, he has 
visited various parts of the United States, the top of mountains 
in Hawaii, valleys and mountain tops of New Zealand, the high- 
est peak in Australia, Peru, Mexico City and northern Canada 
in the Hudson’s Bay near the north magnetic pole. 

Dr. Compton stated that as a result of study of cosmic rays 
the positive electron was discovered, and he expressed the opinion 
that by means of cosmic rays human beings would be able to 
develop another type of measuring stick to gage their history. 

At the close of the talk members of the Illinois Chapter gave 
Dr. and Mrs. Compton a hearty ovation. 

A motion was made by J. J. Hayes that recommendation be 
made to the Chapter’s Nominating Committee for the rencmina- 
tion of the officers, who are now serving, for reelection. This 
motion was seconded and passed. 

President Milliken spoke of the 42nd Annual Meeting of the 
Society to be held in Chicago the week of January 27 and he 
introduced the committee chairmen, who gave short talks. Presi- 
dent John Howatt of the A. S. H. V. E. was presented and 
gave an outline of the work which had been done by the various 
committees. 

The remainder of the evening was devoted to social activities 
and there was a total attendance of 104, of whom 40 were wives 
of the chapter members. 


Washington, D. C. 


January 8, 1936. <A _ successful meeting of the Washington, 
D. C., Chapter was held at the Shoreham Hotel. Fifty-three 
were present at dinner at 6:30 p. m. and among the distinguished 
guests were: Major General C. R. Reynolds, Surgeon General 
of the United States Army, Dr. Wm. Gerry Morgan, Dean of 
the School of Medicine, Georgetown University, and W. E. 
Reynolds, Assistant Director of the Procurement Division of the 
Treasury Department. 

After dinner the members and guests adjourned to the ball- 
room for the technical session when approximately 400 people 
were present. 

Pres. W. A. Danielson introduced L. Sherman, New York, 
N. Y., who gave a preliminary talk and demonstration of water 
treatment for steam boilers, using a glass model, and showing 
the results obtained from clean and unclean boilers. 

At 8:35 p. m. President Danielson called the meeting to order 
and read a letter from Pres. John Howatt of Chicago, IIl., in 
regard to the A.S.H.V.E. Annual Meeting. In addition the 
members were asked to give President Danielson suggestions 
regarding subjects which they felt should be studied by the Com- 
mittee on Research of the A. S. H. V. E. during the coming year. 

Dr. C. A. Mills, Professor of Experimental Medicine at the 
University of Cincinnati, was introduced by President Danielson 
as the speaker of the evening. Dr. Mills gave a very interesting 
address on the Physiologic and Medical Aspects of Air Con- 
ditioning and amplified his talk with slides. Dr. Mills has made 
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intensive and original scientific research in many countries on 
the effect of varous climates on various races and the physiolog- 
ical and beneficial effects of air conditioning on the human being. 
Dr. Mills’ address was followed by an interesting discussion 
of its subject matter by many of the members and guests. 
Secy. M. D. Kiczales reports that the meeting adjourned at 
10:40 p. m. 


Manitoba 


The following A. S. H. V. E. members have the honor of 
being Charter Members of the recently organized Manitoba 
Chapter: James Aitken, E. J. Argue, H. R. Eade, E. Fitz Munn, 
William Glass, B. G. Jones, R. L. Kent, D. F. Michie, E. R. 
Miller, J. B. Steele, E. T. Summers, Frank Thompson, C. H. 
Turland, H. D. Watson, and James Yates. 

Officers serving the Chapter are J. B. Steele as President and 
C. H. Turland as Secretary. 


Massachusetts 


December 19, 1935. A meeting of the Massachusetts Chapter 
was held at Massachusetts Institute of Technology and many of 
the members enjoyed dinner at the Walker Memorial prior to 
the meeting. 

Secy. G. B. Gerrish reports that a motion was passed record- 
ing the Chapter’s approval of the exchange service plan with the 
American Society of Refrigerating Engineers, which had recently 
been announced. 

The speaker of the evening was Prof. J. A. Holt, Department 
of Thermodynamics, M. I. T., who discussed the Steam Jet 
Refrigeration Cycle. With the aid of slides, Professor Holt 
described the design of several types of machines in commercial 
use. His explanation of the fundamental principles involved 
made clear the underlying reasons for changes and developments, 
which the speaker traced through to the most modern equipment. 

Professor Holt showed that with these developments a marked 
improvement in economy has resulted, so that the cost of oper- 
ating steam jet machines compares favorably with mechanical 
refrigeration, although consideration must be given to the sources 
and cost of providing the increased cooling facilities required. 

After Professor Holt had answered the questions of several 
of the members and a general discussion had been enjoyed, the 
meeting was closed. 


Minnesota 


December 16, 1935, The Minnesota Chapter held its meeting at 
the Minnesota Union, University of Minnesota. Dinner was 
served at 6:30 after which the meeting was called to order by 
Pres. C. E. Gausman. The minutes of the two previous meetings 
were read and approved. 

Albert Buenger discussed briefly the Society’s Annual Meeting 
in Chicago and also outlined the proposed plan between the 
A.S.R.E. and A.S.H.V.E, for holding joint meetings and exchang- 
ing publications. A. J. Huch suggested that an Arrangements 
Committee be appointed to make plans for Minnesota Chapter 
members attending the Annual Meeting. 

Prof. A. B, Algren, who had kindly consented to present the 
paper Comfort Standards for Summer Air Conditioning, was in- 
troduced. The clear, concise manner in which the paper was given, 
together with the slides of the various charts and graphs ap- 
pearing in the original paper, made this a very interesting meeting. 

Written discussions were presented by the following members: 
J. R. Roberts, R. C. Jordan, H. C. Betts, and J. B. Spencer. 

A lively oral discussion by M. H. Bjerken, C. R. Barnum, 
C. E. Lund, A. J. Huch, C. E. Gausman, K. A. Powell, G. D. 
Kingsland, F. B. Rowley, and A. B. Algren followed, giving 
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evidence of the fact that this paper had aroused a great deal of 
nterest among the members. 

Mr. Buenger expressed sincere gratification at this reaction. 
He explained that early in the Spring, Pres. John Howatt had 
been desirous of finding a subject that could be given to the 
Chapters for study and consideration. There is no question that 
Comfort Standards for Summer Air Conditioning has been 
brought closer to the entire membership because of this plan. It 
is hoped that, in the future, other papers, especially those of as 
wide general interest, can be handled in a similar manner. 

Thirty-eight members were present according to the report of 
Secy. R. E. Backstrom. 


Ontario 


January 6, 1936. Forty-eight members and guests were pres- 
ent at the regular meeting of the Ontario Chapter at the Royal 
York Hotel which was preceded by dinner at 6:30 p. m. 

Pres. M. W. Shears called upon Secy. H. R. Roth to read the 
minutes of the previous meeting which were accepted as read. 

President Shears urged that as many members as _ possible 
attend the 42nd Annual Meeting of the Society in Chicago during 
the week of January 27. 

E. R. Gauley introduced the principal speaker of the evening, 
Prof. E. A. Allcut, of the University of Toronto, who spoke on 
Heat Transmission Through Materials. Following Professor 
Allcut’s interesting illustrated talk the members entered into a 
discussion of the subject. 

W. P. Boddington moved that a vote of thanks be given the 
speaker on behalf of the Chapter before the meeting adjourned. 


Philadelphia 


January 9, 1936. Members and guests of the Philadelphia 
Chapter held their annual January Get-together at the Hudson 
Recreation Centre. 

Pres. J. H. Hucker presided and introduced R. F. Hunger, 
Chairman of the Membership Committee, who presented the 
awards for the membership campaign. L. C. Davidson received 
a golf iron, and M. G. Kershaw was the recipient of a pen and 
desk stand. 

A. E. Kriebel, Chairman of the Year Book Committee, spoke 
on the importance of securing advertisements in order that the 
book might be successfully published. 

President Hucker urged members to attend the Society’s An- 
nual Meeting in Chicago and announced that the Philadelphia 
Chapter had again been appointed to act as hosts for the A. S. H. 
V. E. at the 1936 Semi-Annual Meeting to be held at Buck Hill 
Falls, Pa. 

There being no further business, the meeting was adjourned to 
allow the festivities to begin. 

Secy. H. H. Erickson reports that a delicious buffet supper 
was served with refreshments and, after partaking of this, mem- 
bers and guests indulged in the rather strenuous exercise of 
bowling. The evening was a grand success and every one present 
enjoyed himself. It was a real pleasure to listen to the old- 
timers alibi themselves by advising their opponents that they 
hadn’t bowled for 20 years or more. But they proved that they 
could “take it,” despite the fact that liniment sales increased in 
the community as a result. 

The party ended at 10:30 to allow the participants to rest up 
for the next day’s battle with life and business. The Entertain- 
ment Committee, of which S. E. Plewes was chairman, deserved 
and received the plaudits of the chapter. 


Pittsburgh 


January 13, 1936. The regular meeting of the Pittsburgh 
Chapter was called to order by Pres. R. J. J. Tennant in the 
auditorium of the U. S. Bureau of Mines. Fifty-one members 
and guests were present and Secy. T. F. Rockwell read the min- 
utes of the December meeting. 
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Treas. J. F. Collins, Jr. reported that 1936 chapter dues were 
payable and that bills would be mailed during the coming week. 

Plans for the February meeting were outlined and it was an- 
nounced by M. L. Carr, Chairman of the Program Committee, 
that R. A. Miller would speak on New Types of Architectural 
Glass and Their Heat Transfer Properties. 

A report on action taken regarding the 1937 Annual Meeting 
of the Society was given by President Tennant. 

Prof. C. M. Humphreys read the January letter of Pres. John 
Howatt of the A.S.H.V.E., extending an invitation to all mem- 
bers to attend the Society’s Annual Meeting and Heating and 
Ventilating Exposition in Chicago during the week of January 27. 

In accordance with the wishes of the Chapter expressed at the 
November meeting, President Tennant appointed the following 
committee to study the problem of Air Pollution: F, H. Hecht, 
Chairman, T. G. Estep, and E. S. Tower. 

Professor Estep then briefly described a research project now 
under way at Carnegie Institute of Technology to make a quanti- 
tative determination of the solids discharged by a domestic 
chimney. It was reported that during the first of the investiga- 
tion the performance of an underfeed domestic stoker burning 
bituminous coal was being studied. 

President Tennant appointed the following standing committees 
for 1936: 

Program Committee—M. L. Carr, Chairman, W. H. Osterle, 
W. W. Stevenson, H. L. Moore, and F, C. Houghten. 

Membership Committee—F. C. McIntosh, Chairman, E. C. 
Smyers, P. C. Strauch, Roy Brauer, and P. A. Edwards. 

Attendance and Social Committee—R. B. Stanger, Chairman, 
T. M. Dugan, L. S. Maehling, Peter O’Neill, and E. H. Ries- 
meyer, Jr. 

Committee on Code for Installation of Air Conditioning—G. S 
McEllroy, Chairman, P. A. Edwards, and G. G. Waters. 

E. B. Svenson was introduced by Mr. Collins and spoke on the 
Use of Aluminum Foil as a Heat Insulation Material. He first 
reviewed briefly early work in the use of polished metal surfaces 
for the purpose of reducing heat transfer, and then told the story 
of the development of the idea of crumpled foil. 

Mr. Svenson illustrated his talk with motion picture films, 
which showed methods of installing foil insulation on steam piping, 
turbines, tanks, locomotives, railroad cars, trucks, buses, and in 
houses. The speaker also explained the details of installation and 
answered questions raised by various persons in the audience. 

According to the report of Secretary Rockwell, the members 
and guests gave every indication that they enjoyed Mr. Svenson’s 
talk and the meeting adjourned at 9:50 p.m. 

December 16, 1935. The meeting was ca!led to order by Pres. 
L. B. Pittock in the auditorium of the U. S. Bureau of Mines 
with 34 members and guests present. The minutes of the previous 
meeting were approved as read by Secy. T. F. Rockwell. 

E. C. Smyers, Chairman of the Membership Committee, re- 
ported one new member and one advancement in membership 
grade for the month of December. 

In the absence of H. A. Beighel, Secretary Rockwell read the 
annual financial report. 

The correlation of weather data was the next subject of dis- 
cussion, and in a progress report Chairman F. A. Gunther drew 
attention to the fact that examination of the operating records of 
several buildings revealed that during the beginning and end of 
the heating season degree days did not serve as an accurate 
index of the fuel or steam consumption. Mr. Gunther also asked 
Chapter members to submit their suggestions on several ques- 
tions to the Committee. 

It was moved by H. L. Moore, seconded by E. C. 
passed that the following officers be elected unanimously : 





Evans, and 


President—R. J. J. Tennant. 

Vice President—M. L. Carr. 

Secretary—T. F. Rockwell. 

Treasurer—]. F. S. Collins, Jr. 

Board of Governors—L. B. Pittock, Percy Nicholls, E. S. Tower 


The retiring president, L. B. Pittock, thanked the members for 
their cooperation and aid during his administration and mentioned 
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his hope that the newly elected president would continue the 
study of the degree day problem. 

In a brief introduction President Tennant outlined his plans 
for the new year and expressed his wish that improved con- 
ditions would permit the resumption of greater social activities 
for Chapter members. 

Pres. John Howatt’s letter for December was read by P. A. 
Edwards and it was suggested that the Pittsburgh Chapter take 
steps to formulate a code of air conditioning standards suitable 
for the community. 

After a brief discussion it was moved, seconded and passed 
that the Pittsburgh Chapter issue a written invitation to the 
National Council of the A. S. H. V. E. and to other chapter 
officers to hold the Society’s Annual Meeting 1937 in the City 
of Pittsburgh. 

Mr. Pittock called attention to the Annual Meeting of the 
A. S. H. V. E. and the exposition in Chicago in January and 
it was voted that the chapter president be the authorized repre- 
sentative to the Annual Meeting. 

President Tennant introduced F. C. Houghten, Director of the 
A. S. H. V. E. Research Laboratory, who spoke on the recent 
laboratory paper, Comfort Standards for Summer Air Condition- 
ing. Mr. Houghten showed the results of his tests by slides 
and in conclusion he invited criticism of the paper and explained 
that the Laboratory planned to continue the study on a larger 
scale including both southern and northern cities. 

In a written discussion Arthur McGonagle expressed the desir- 
ability of definite standards for inside conditions from the view- 
point of the designing engineer. A general discussion followed 
in which a large number of members and guests took part. 


Western New York 


December 17, 1935. The annual Christmas party of the West- 
ern New York chapter was held at the University Club, Buffalo, 
and Pres. W. E. Voisinet presided over a short business meeting. 
Pres. John Howatt’s message to A.S. H. V. E. chapters concern- 
ing the necessity of establishing standards for air conditioning in 
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every large community was read, and it was announced that the 
Chapter’s Committee on Air Conditioning Standards would begin 
active work at an early date. 

C. A. Gifford, Chairman of the Publicity Committee, read 
many telegrams addressed to various chapter members from 
anonymous persons and the audience enjoyed the comments on 
their activities, 

Following adjournment of the business meeting, the members 
were on their own to enjoy the facilities of the club, which were 
provided through the courtesy of D. J. Mahoney, a Past Presi- 
dent of the Chapter. The bowlers started a mass attack on 
the maples while others chose to play cards. The evening was 
concluded with a fine buffet lunch and, according to the report 
of Secy. J. J. Landers, it was thoroughly enjoyed by the 45 
members and guests in attendance. 


Wisconsin 


December 16, 1936. At the regular meeting of the Wisconsin 
Chapter Pres. John Howatt’s letter on Air Pollution was read 
and discussed. S. G. Swisher, Jr., was appointed to investigate 
causes of air pollution in Milwaukee and recommend methods 
for its abatement. 

E. A, Jones was appointed as Chapter representative on the 
A. S. H. V. E. Nominating Committee with Ernest Szekely as 
alternate. Other appointments were J. H. Volk as delegate to 
the Annual Meeting in Chicago with J. S. Jung as alternate. 

A very interesting discussion on the Chicago Air Conditioning 
Standards and the Annual Meeting paper, Comfort Standards for 
Summer Air Conditioning, prepared by the A.S.H.V.E. Re- 
search Laboratory, was led by Mr. Szekely. 

Secy. R. G. Koch reports that the Wisconsin Chapter feels 
the need for a similar code, although it is realized that much 
more data and information are needed to prepare one which 
would be satisfactory. Mr. Szekely was appointed by the Chap- 
ter to initiate a movement for obtaining such a code for the 
Milwaukee territory. 
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The Constitution of the Society as now amended, requires the following mode of procedure in voting on applicants for mem- 


bership in the Society. 


All applications for membership are to be sent to the Secretary and the names of applicants and their refer- 


ences shall be printed in the next issue of the JourNAL of the Society or sent to the members in other approved manner as ordered 


by the Council. 
Committee on Admission and Advancement as soon as possible. 


When replies are received from references, the Candidate’s application shall be submitted to and acted upon by the 


When the Committee on Admission and Advancement has acted favorably upon a Candidate’s application and assigned his 
grade, the Council shall vote upon the election of the proposed Candidate for membership by letter ballot. During the past month 36 
applications for membership have been received and the names of these men and their sponsors are published in the following list. 


Members are requested to scrutinize the list with care. 


The Committee on Admission and Advancement, and in turn the Coun- 


cil, urge the members to assume their share of the responsibility of receiving these candidates into membership by advising the 


Secretary promptly of any whose eligibility for membership is in any way questioned. 


All correspondence in regard to such matters is strictly confidential, and is solely for the good of the Society, which it is the 


duty of every member to promote. 


Unless objection is made by some member by February 15, 1936, these candidates will be balloted upon by the council. Those 
elected to membership will be notified by the Secretary immediately after election. , 


CANDIDATES 


AIKMAN, J. M., Air Cond., Htg. and Vtg. Engr., Webster Engrg. 
Co., Minneapolis, Minn. 


ANpRESEN, G. C., Student, Yale University, New Haven, Conn. 


Anperson, G. A. M., Sr. Mech. Engr., University of Minnesota, 
Minneapolis, Minn. 





REFERENCES 
Proposers Seconders 
S. R. Lewis 
A. B. Martin 


W. F. Uhl 
E. V. Hill 





L. C. Lichty (Non-Member) 


L. E. Seeley 
S. W. Dudley (Non-Member) 


L. A. Teasdale 


F. B. Rowley J. V. Martenis 
A. B. Algren B. J. Robertson (A.S.M.E.) 
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CANDIDATES 


Barney, W. E., 
Park, Ohio. 


Dist. Mer., Hydraulic Press Brick Co., South 


Boyte, J. R., Asst. Chief Engr., Westerlin & Campbell Co., 
Chicago, III. 
Brass Mfg. Co., Ltd., 


Carter, A. W., Htg. Monarch 


Toronto, Ont., Can. 


Ener., 


CiarkeE, J. G., Sales Engr., Frigidaire Corp., Dayton, Ohio. 


Cover, R. R., Repr., Ferro-Nil Corp., Washington, D. C. 


Curtis, Mayes, Student, Oklahoma University, Oklahoma City, 
Okla. 


Dean, M. H., Student, Princeton University, Princeton, N. J. 


DRAKE, G. M., Vice-Pres., Geo. H. Drake, Inc., Buffalo, N. Y. 


, 
Epwarps, A. W., Dist. Mgr., The Trane Co., Cincinnati, Ohio. 
Washington, 


Gopparp, W. F., Radiator Co., 


ig a 


Repr., American 


Hawk, J. K., Engr., Hudson Air Cond. Corp., Washington, D. C. 


Goutp, H. E., Sales Engr., Natkin & Co., Kansas City, Mo. 


Hunter, L. N., Mer. Research Dept., National Radiator Corp., 
Johnstown, Pa. 
KARAKASH, T. J., Equipment Engr., Ford Motor Co., Istanbul, 
Turkey. 
KarcHMER, J. H., Mgr. & Partner, The Karchmer Co., Spring- 
field, Mo. 


Laver, R. F., Sales Engr., York Ice Machinery Corp., York, Pa. 


Lioyp, E. H., Sales Engr., Washington Gas Light Co., Wash- 
ington, D. C. 


McEvuaney, G. W., Air Cond. Engr., Pennsylvania Power Co., 
New Castle, Pa. 


Meinuoitz, H. W., Br. Mgr., York Ice Machinery Corp., Okla- 
homa City, Okla. 


Morse, L. S., Jr., Air Cond. Engr., York Ice Machinery Corp., 

York, Pa. 
Parsons, L. D., Jr., Student, Purdue University, West Lafay- 
ette, Ind. 


PELLMOUNTER, THOMAS, Dist. Sales Megr., Century Elec. Co., 
Kansas City, Mo. 


Ramsay, J. W., Salesman, King & Shepherd, New York, N. Y. 


Ross, J. E., Dist. Mgr., Minneapolis-Honeywell Reg. Co., Kan- 
sas City, Mo. 

Roperts, H. P., Asst. Engr., Roberts-Hamilton Co., Minneapolis, 

Minn. 


Roprnson, A. S., Vent. & Htg. Engr., E. I. DuPont de Nemours 
Co., Wilmington, Dela. 
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REFERENCES 
Seconders 
F. A. Kitchen 
G. W. Beyerle (S.A.E.) 


Proposers 
R. L. Smith (Non-Member) 
Wm. Andes 
R. E. Hattis 


S. I. Rottmayer 


W. R. Blackhall 
A. S. Leitch 


L. E. Smith 
C. E. Lewis 


J. E. Ware, Jr. (Non-Member) 
R. M. Palmer (Non-Member) 


Ik. F. Dawson 
W. H. Carson (Non-Member) 


H. M. Rudio 
C. A. Weiss 


J. J. Yager 
L. A. Harding 


W. R. Stevens 
H. A. Pillen 


W. A. Danielson 
M. D. Kiczales 


F. H. Faust 
D. W. McLenegan 


Emil Haas, Jr. 
Sidney Pines 


T. A. Novotney 
E. N. McDonnell 


L. A. Scipio’ (Non-Member) 
E. S. Sheiry (A.S.C.E.) 


J. McAdams (Non-Member) 
I 


iL. 
C. H. Dunlap (Non-Member) 


G. E. Tuckerman 
I. C. Baker 


L. Ourusoff 
E. V. Fineran 


J. J. LaSalvia 
H. N. Boucherle 


S. L. Rolland 
Louin Tiller 


H. G. Chapin 
J. R. Hertzler 


W. T. Miller (Non-Member) 
G. A. Young (A.S.M.E.) 


E. K. Campbell 
Carl Clegg 


E. N. McDonnell 
W. G. Boales 


David Caleb 
Carl Clegg 


M. H. Bjerken 
F. H. Schernbeck 


M. G. Kershaw 
L. C. Davidson 





J. J. Hayes 
J. H. Milliken 
H. H. Angus 
H. R. Roth 


M. J. 
H. B. 


Stevenson 


Hull 


J. E. Bell (Non-Member) 
J. C. Torket (Non-Member) 


P. O. Tauson 
H. V. Beck (Non-Member) 


C, A. Flarsheim 
F. J. Dean, Jr. 


M. S. Jackson 
W. E. Voisinet 


G. B. Houliston 
K. A. Wright 


W. E. Kingswell 
T. H. Urdahl 


Elliott Harrington 
P. S. Lyon 


B. Natkin 
Carl Clegg 


R. E. Moore 
B. E. Shaw 


A. G. Sarafoglou (A.S.C.E.) 
H. A. Walsdorf (Non-Member) 


A. J. Lindsay 
J. E. Manahan 


(Non-Member } 


J. R. Hertzler 
L. J. Du Bois 
T. H. Urdahl 
W. E. Kingswell 


Chas. Sonneborn 
M. J. Stevenson 


E. S. Constant 
FE. W. Gray 


W. E. Zieber 
S. E. Lauer 


A. A. Potter (A.S.M.E.) 
. D. Hoffman 


=. K. Campbell, Jr. 
\. Stephenson 


_— 
\ 


R. F. Connell 
. F. McIntire 


—d 


W. E. Gillham 
G. L. Bliss 


G. A. Dahlstrom 
\. J. Huch 


R. F. Hunger 


*, D. Mensing 


— 
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CANDIDATES 


SALTER, E. H., Engr., Electrical Testing Labs., New York, 


N. Y. 


SeipeL, G. E., Student, University of Minnesota, Minneapolis, 


Minn. 


SMitH, R. J., Mer., Smith & Elston, Timmins, Ont., Can. 
Stock, C. S., Dist. Repr., The Herman Nelson Corp., Moline, III. 


Torok, ELmer, Supt. of Power, North American Rayon Corp., 
Elizabethton, Tenn. 


TRAMBAUER, C. W., Sales Engr., Hoffman Specialty Co., New 
York, N. Y. 


Vervoort, E. L., Student, University of Vermont, Burlington, 


Vt. 


Wuittincton, J. A., Utilization Testing Engr., The Peoples 
Gas Light & Coke Co., Chicago, III. 
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REFERENCES 


Proposers Seconders 


F, M. Farmer (Non-Member) J. B. Whitehead (Non-Mem- 
Gordon Thompson (Non-Mem- _ ber) 
ber) E. D. Doyle (Non-Member) 


J. V. Martenis 


F, B. Rowley ; 
N. D. Adams 


A. B. Algren 


E. H. Gurney L. C. Blackhall 
G. T. Wilson D. I. Paul 

H. W. Nelson G. E. Otis 

R. H. Nelson E. H. Beling 

W. B. Hodge A. F. Karlson 
C. H. B. Hotchkiss P. A. McKittrick 


. P. Fenner 
W. Stewart 


J. K. Peacock 
M. C, Gillett 


AZ 


G. F. Eckhard (Non-Member) FE. L. Sussdorff (A.S.M.E.) 
W. T. Fulton (Non-Member) M. H. Aldrich (Non-Member) 


J. E. McClellan J. H. O’Brien 
E. T. Murphy J. H. Milliken 


Candidates Elected 


In past issues of the JouRNAL of the Society the names of the following men were listed as Candidates for Membership. The 
membership grade of each Candidate. has been assigned by the Committee on Admission and Advancement and balloted upon by the 


Council. 
list of candidates elected: 


MEMBERS 
Barnes, Hersert, Plbg. & Htg. Contractor, Hamilton, Ont., Can. 


BLUMENTHAL, M. IL. Engrg. Instructor, National Schools, Los 


Angeles, Calif. 
Boaces, W. G., Mfrs. Agent, Detroit, Mich. (Advancement. ) 
CasseL._, W. L., Consulting Engr., Kansas City, Mo. 


CHAPMAN W. A., Jr., Dist. Engr. Frigidaire Corp., St. Louis, 


Mo. 
Donce, H. A., Elec. Engr., S. H. Kress & Co., New York, N. Y. 


Faust, F. H., Engr., General Electric Co., Bloomfield, N. J. 
(Advancement. ) e 


Gray, E. W., Br. Mgr., The Trane Co., Cleveland, Ohio. 


Harris, J. G., Mgr. Air Cond. Dept., Frigidaire Corp., Cleve- 
land, Ohio. 
HupDEPOHL, L. F., Pres., T. J. Conner, Inc., Cincinnati, Ohio. 


Kent, R, L., Dist. Mgr., Trane Co. of Canada, Ltd., Winnipeg, 
Man., Can. 


KeEssLerR, JAcos, Pres., Jacler Heating Co., Inc., New York, N. Y. 

MacMitan, A. R., Air Cond. Div., Frigidaire Corp., Dayton, 
Ohio. 

McLoutn, B. F., Chief Engr., Heater Div., Dail Steel Products 
Co., Lansing, Mich. (Advancement.) 

Morse, R. D., Br. Mgr., American Blower Corp., Seattle, Wash. 

Roor, E. B., Htg. Engr.- Detroit Safety Furnace Pipe Co. Birm- 
ingham, Mich. 

Stewart, D. J., Mer., Elec. Div., Barber-Colman Co., Rockford, 
Ill. (Advancement. ) 

Tuxuorn, D. B., Htg. Engr., L. 
ington, D. C. 


WuttiaMms, C. R., Draftsman, F. I. 
Wilmington, Dela. 


P. Steuart & Bro., Inc., Wash- 
Du Pont de Nemours Co., 
ASSOCIATES 


Broome, J. H., Student, New York University, New York, N. Y. 
Case, R. H., Mfrs. Repr., Seattle, Wash. 


We are now instructed by the Council to post herewith, as required by Art. 


3-III, Sec. 8, of the By-Laws, the following 
) 
Dosie, T. K., Supt. of Bldg., London Life Insurance Co., Lon- 
don, Ont., Can. 
Eskin, S. G., Grad. Student, Mass. Inst. of Tech., Boston, Mass. 
Grecc, S. H., Pres., Shellenberger-Gregg Co., Milwaukee, Wis. 


Manny, J. H., 
cago, Ill. 


Monick, F. R., Mer., 

Ritt, C. F., Sales Promotion Mer., Trane Co., Washington, 
mm <.. 

Watvace, H., P., Jr., 

Wuite, W. R., Engr. Nebraska Power Co., Omaha, Nebr. 


Vice-Pres.-Secy., Robinson Furnace Co., Chi- 


Cochran-Sargent Co., Sioux Falls, S. D. 


Sales Mer., Crane Co., Minneapolis, Minn. 


JUNIORS 


ApsHEAD, BERNARD, Tech. Director, National Air Cond. & 
Humidifying Co., Ltd., Manchester, 3, England. 


Cornisu, D. F., Consulting Engr., Dominion Heating Specialty 
Co., Toronto, Ont., Can. 


Engr., Bryant Air Cond. Corp., Philadelphia, Pa. 


Sales Engr., B. F. Sturtevant Co., Hyde Park, 


Dome, A. G., 

GRAHAM, J. M., 
Mass. 

Grecc, S. L., Sales Engr., Potomac Elec. Power Co., Wash- 
ington, D. C. 

HAwkINSOoN, C, F., Engr., U. S. Air Cond. Corp., Minneapolis, 
Minn. 

Lovinc, W. H., Cadet Engr., Washington Gas Light Co., Wash- 
ington, D. C. 

Nye, L. B., Cadet Engr., Washington Gas Light Co., Wash- 
ington, D. C. 


SuppEerTH, Leo Jr., Sales Engr., Johnson Service Co., Atlanta, 
Ga. 
STUDENTS 
Cooper, T. E., Student, University of Minn., Minneapolis, Minn. 
Moses, W. 
O’RourkeE, H. D., Jr., 
N. J. 


Witiams, G. S., Student, Yale University, New Haven, Conn. 


B., Jr., Student, Tulane University, New Orleans, La. 


Student, Stevens Inst. of Tech., Hoboken, 
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Control Matches Boiler Operation to 
Hotel’s Heat and Steam Requirements 


LEXIBILITY of operation is particularly impor- 

tant to heating efficiency and economy in a hotel, 

as steam is needed at various pressures for various 
services, and steam requirements fluctuate widely be- 
cause of the factors of occupancy, banquets, conventions, 
the weather, time of day, whether or not the laundry is 
operating, and so on. The new gas fired boiler plant 
for the 250 room Hotel Orlando, Decatur, IIl., placed 
in operation the first of this year, has been designed to 
provide this necessary flexibility and incorporates un- 
usual features of control and operation. 

The Orlando formerly bought steam from an adjoining 
office building, so that space was not available in the 
hotel for the boiler room. The problem was solved by 
an underground boiler room in the interior court area, 
space also being provided for the future installation of 
refrigerating equipment as it is expected to air condition 
the cafes, bar, cocktail lounge, banquet hall, barber shop, 
and other public spaces. Excavation was started last 
fall on November 10, and the plant went into operation 
December 30, just in time to take over the load when 
the contract for purchase of steam was terminated. 


Typical Day’s Operation 


The installation is particularly interesting because the 
boilers operate themselves, practically, and the design 
allows for supplying different quantities of steam at dif- 
ferent pressures during the day and night as required 
by the heating system, the kitchen and the laundry. A 
description of a typical day’s operation will serve as a 
background for the explanation of the details of the job 
to follow. 

At 5:00 a. m. the night porter “turns on” the high 
pressure boiler (which was shut off at 11:00 p. m.) to 
supply steam at the lower of two pressure settings for 
the kitchen. At this setting a modulating gas valve and 
an air control damper operate to control steam pressure 
between 10 and 14 lb per sq in., modulating between 
these limits. At 7 a. m. the laundry man puts this boiler 
on the high setting, and during operation of the laundry 
steam is furnished by this boiler at a pressure between 
80 and 90 Ib per sq in., modulating between these limits. 
At 4 p. m. the laundry man puts the boiler back on the 
lower setting, on which it runs until the night porter 
shuts the boiler down at 11 p. m., which leaves enough 
steam available to supply kitchen requirements until the 
kitchen closes at midnight. 

The two low pressure boilers (only one operating at 


a time, except when the outdoor temperature drops be- 
low minus 6 F) are controlled in the same manner 
as is the high pressure boiler, and supply heating steam 
between % and 2 lb, modulating between these limits. 
All hot water heating is done by the low pressure boilers 
during the winter; in summer, hot water is heated by 
the high pressure boiler, which is, of course, the only 
one in operation then. An average of 10,000 gallons of 
domestic hot water are heated per day through a tem- 
perature range from 40 to 160 F. 


Boiler Plant and Control 


The high pressure firebox boiler, seen at the right of 
Fig. 1, has a rated capacity of 4860 sq ft and each of 
the two low pressure firebox boilers is rated at 10,330 
sq ft. Each is fired by a specially designed gas burner ; 
the gas used has a heat unit content of 1040 Btu, and 
the cost is 38c per 1000 cu ft for the first million cubic 
feet used per month, 25c for the second million, and 20c 
for the third million. Table 1 shows the cu ft of gas 
used per day for the first month of operation, the degree 
days, and whether or not steam was supplied the laundry 
each day. 
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services for which steam at 
different pressures is needed, and the numerous fac- 
tors which affect steam consumption... . Described 
here is the gas fired installation for the 250 room 
Hotel Orlando, Decatur, Ill., where, by means of 
the method of modulating control employed, the 
boilers are operated in close harmony with load re- 
quirements. Steam at the proper pressures for 


laundry, kitchen and heating is supplied almost 


automatically 
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Fig. 2—Close-up of the modulating gas control valve 
and interconnected air control shutters which permit 
matching the fuel consumption to load requirements 
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Fig. 1—Spick and span is the boiler room 
at the 250 room Hotel Orlando, Deca- 
tur, Ill. The high pressure gas fired 
boiler at the right supplies kitchen and 
laundry steam requirements, and the two 
low pressure gas fired boilers furnish 
steam for building heating. Space is 
available in the boiler room for future 
installation of air conditioning equipment 


Constant draft irrespective of tem- 
peratures, winds, or loads on the 
boilers is maintained by an auto- 
matic draft regulator. 

Feature of the job is the manner 
in which the gas and air for com- 
bustion are controlled to match the 
load requirements; the control is not 
on and off but the gas and air sup- 
plied to the burners is continuously 
modulated depending upon the steam 
pressure. <A close-up of one of the 
control valves is shown as Fig. 2. It 
may be seen that the gas valve and 
the shutters for air control are inter- 
connected to maintain the gas and air 
supply as nearly as possible at the 
ideal ratio for all loads. That this 
method of control has achieved its 
object in maintaining high  effi- 
ciencies over a wide range of load 
variations is indicated by the stack 
loss curves and accompanying data. 

Jack H. Powers of Decatur de- 
signed and installed the job, and his 
cooperation in the preparation of this 
description is acknowledged. 


Table 1—Gas Used at 250-Room Hotel Orlando, January, 1936 


Cu Fr or DEGREE LAUNDRY 

DaTE Gas Usep Days OPERATION 

l 75,900 36.75 No Laundry 

76,600 31.50 No Laundry 
3 76,700 28.75 Laundry 

4 71,500 33.00 Laundry ™% day 

5 66,100 32.75 No Laundry 
6 75,500 28.50 Laundry 
7 79,700 30.25 Laundry 
8 $2,200 30.75 Laundry 
9 80,300 31.25 Laundry 
10 79,100 32.75 Laundry 

11 68,100 27.77 No Laundry 

12 63,500 20.00 No Laundry 
13 66,100 31.00 Laundry 
14 71,900 19.00 Laundry 
15 74,800 36.00 Laundry 
16 80,100 36.50 Laundry 
17 84,200 37.25 Laundry 

18 73,800 36.00 No Laundry 

19 68,500 45.25 No Laundry 
20 77,500 48.50 Laundry 
21 78,400 37.00 Laundry 
22 91,000 59.00 Laundry 
23 108,200 82.00 Laundry 
24 103,500 64.25 Laundry 
25 106,000 57.50 Laundry 

26 85,400 63.75 No Laundry 
27 90,000 36.25 Laundry 
28 106,400 62.00 Laundry 
29 114,300 50.75 Laundry 
30 116,600 63.00 Laundry 
31 113,400 64.00 Laundry 

2,605,300 1,323.00 
Note—There are 11,000 sq ft of direct radiation installed. 10,000 


gallons of water per day with a temperature rise from 40 to 160 F are 


heated. 


















Bureau of Standards Studies Determine 


Press Room Conditioning Requirements 


APER adjusts its moisture content rapidly with 
changes in relative humidity of the surrounding at- 
- mosphere, and all moisture content changes are ac- 
companied by contraction or expansion of the paper. 
These dimension changes are responsible for wavy edges, 
buckled. paper and poor register of prints in multicolor 
printing. In multicolor printing by the offset process, 
the different colors are usually printed separately, which 
means that the paper must make a separate trip through 
the press for each color. Quality color printing requires 
that all subsequent prints coincide with the first to within 
a half-hundreth inch, and since images 50 in. or more 
wide are not uncommon, the importance of keeping the 
dimensions of paper constant during printing may be 
readily appreciated. This has been the subject of study 
at the National Bureau of Standards. 


Reaction of Paper to Humidity Variations 


The dimensions of paper are affected by its hygro- 
scopic moisture through swelling of the individual fibers, 
and for the ordinary range of atmospheric conditions, 
vary directly with the moisture content.' A moisture 
content change of but one-half of one per cent, which will 
result from a humidity variation of about 5 per cent in 
the surrounding air, will cause a distortion of 0.03 in. on 
a 60 in. sheet, suffictent to cause serious mis-register in 
many classes of work and resulting in poor quality, exces- 
sive spoilage, and loss of production. When it is consid- 
ered that a fluctuation of 40 per cent in relative humidity 
from one day to the next is not uncommon, the impor- 
tance of air conditioning to the offset lithographic indus- 
try is obvious. It is possible for a skilled printer to 
obtain satisfactory register under trying conditions by 
press manipulation, but changing dimensions interfere 
with quality and production to an extent that cannot be 
tolerated in a modern plant. Fig. 1 shows the relation 
of relative humidity to moisture content of typical offset 
papers, and Fig. 2 the relation of moisture content to 
the dimensions. Moisture content is influenced slightly 
by temperature variations, but this is not important if 
excessive flucuation is avoided. 


Determining Proper Air Conditions 


It might appear that difficulties in obtaining close reg- 
ister due to moisture content variations would be elimi- 
nated by maintaining constant relative humidity in the 
press room. However, such is not the case; the installa- 
tion of equipment to control humidity and temperature to 
within very close limits has not always solved the paper 
distortion problem. In fact, paper conditioned to equi- 
librium with the press room atmosphere will absorb mois- 


*National Bureau of Standards, Publication approved by the Director 


of the National Bureau of Standards of the U, S. Department of Com- 
merce. 

1Weber, C. G., 
12:53 (19384). 


and Snyder, L. W., Bureau of Standards J. Research 





By C. G. Weber* 


ture and expand during printing. The absorbed moisture 
comes from the press, and conditions that will cause the 
paper to lose to the air an amount of moisture equivalent 
to the press moisture added during printing must be 
maintained for constant dimensions. To accomplish this, 
it has been found necessary to raise the moisture content 
above equilibrium with the press room humidity for the 
start of the first printing. 

The moisture content changes during printing for pa- 
pers given different conditioning treatments are shown in 
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Fig. 1—Equilibrium moisture content of papers at different 
relative humidities. Curve | for desorption from saturated 
condition. Curve 2 for adsorption from oven-dry condition 


Fig. 3. Best results with respect to low moisture change 
have been obtained by starting the first print with the 
moisture content about 0.5 per cent above that corre- 
sponding with the press room air; this is a point that 
must be considered when planning an air conditioning in- 
stallation, because unless provision is made for condition- 
ing the paper in a room separate from the press room, 
and under independent control, only part of the benefits 
oi air conditioning will be obtained. 


Air Conditioning Systems 


Central station plants, conditioning the air for the 
entire building or for the area desired within the build- 
ing, are suitable for print shops, and the dew point con- 
trol system, with refrigeration for dehumidifying, has 
been found satisfactory. With a system of this type, 
constant relative humidity and temperature day and 
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+ 0.5 T Fig. 2—Influence of moisture content varia- 

tions on dimensions of lithographic papers 
+0. 
oe @=Jemp 80F RH. Varied. 

#0.3 0 =45%RH. Temp. Varied Fig. 3—Influence of hygrometric condition on mois- 
x . ture content change during multicolor printing 
st) 

S #0.2 | 2S : 
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Moisture content change from condition at 27 per centR.Hand ONS 6.50 

80F. Valuesatieffare: |. = 

Dimensional changes from condition at 27 per cent Rtand BOF Ay 4 6.00 
night throughout the year, regardless of outside weather 5.50 
conditions, can be maintained. However, there is no 6 
doubt that the cost of installation of this system has been o/P 5.00 
so high that it has not been generally used in the average s YA 
lithographic plant, and systems employing other means & AY 4.50 
of dehumidification, now in the development stage, show Wf 
promise of providing year around relative humidity con- RY hs 4.00 
trol with lower first cost. One system employs a dehy- w/$ 

. eqe ike he F ev ° 350 
drating agent such as silica gel for dehumidification, com- wfe “O : 
bined with spray humidifiers, instead of refrigeration. % Ay Ko" 300 
Humidistats are used to furnish automatic control by Ao “ee ., 
having the high contacts operate the dampers on the de- Kol 250 
hydrator and the low contacts the humidifiers. Another Dry Mc StartoF Wc Afler 


system employs salt solutions for adjusting the relative 
humidity of the air. Control in this system is obtained 
by automatic adjustment of the solution concentration.” 
It is hoped that the development of these systems will 
provide the small lithographic plant with suitable rela- 
tive humidity control without the large initial investment 
required for refrigeration. 

Humidification without dehumidification of any kind 
may be employed to give constant relative humidity 
during the winter, but with no means of reducing the 
moisture content of the air, this system is of course 
inoperative during humid weather. Low installation 
cost makes this type of equipment available for shops 
that cannot afford equipment for complete control. It 
provides adequate control for approximately 8 months 
of the year, and this with the possibility that a low cost 
dehydrating unit may be made available for use with it 
to provide year around control, makes this type of in- 
stallation attractive to many print shops. 

In selecting conditions for a printing plant, it should be 
remembered that the accumulation of static electric 
charges is greatest when the relative humidity is lowest, 
and at 45 per cent or above, it is never troublesome. On 
the other hand, it is difficult for many mills to deliver 
paper with moisture content high enough to facilitate 
paper conditioning if the humidity is maintained much 
above 45 per cent ; hence, approximately 45 per cent rela- 
tive humidity may be considered optimum, although con- 
densation on windows may be troublesome in-~ cold 
weather unless double windows are provided. Comfort 
and economy of operation should be the factors influenc- 
ing the choice of the temperature to maintain. 


Paper Should Be Conditioned 


For efficient printing, paper should be conditioned be- 
fore printing so that it will lie flat and keep constant 


2Ind. and Eng. Chem., Vol. 27, No. 8:879 (Aug. 1935). 


First color Nine colors 


moisture content during printing. Studies* have indi- 
cated that wavy edges, curling, and buckling are best pre- 
vented by conditioning the paper as soon as it is exposed 
to the room atmosphere upon opening the case. It has 
also been found that the moisture content remains most 
nearly constant during printing when it is adjusted to 0.5 
per cent above that corresponding to equilibrium with 
the press room atmosphere. The conditioning may be 
accomplished by racking the paper in small lifts and 
blowing air around it. Conditioning machines are con- 
venient for this purpose, but are not essential if adequate 
circulation of air can be provided by other means. The 
proper moisture content will be assured if the paper is 
conditioned in a room with relative humidity 5 to 8 per 
cent above that of the press room. 

The sword type of paper hygroscope* is a convenient 
tool for determining the hygrometric condition of paper 
with respect to the surrounding air. The paper will be 
best prepared for multicolor printing when the sword in- 
dicates that it is in equilibrium with the conditioning room 
air at 5 to 8 per cent above the press room, and “wet” 
with respect to the press room air by a sword reading 
equivalent to 0.5 per cent moisture content. An installa- 
tion that does not provide means of adjusting the mois- 
ture content of the paper to approximately 0.5 per cent 
above equilibrium with the press room condition és not 
properly adapted to an offset lithographic plant. 

Some plants now have air conditioned press rooms but 
do not have facilities for conditioning paper to the proper 
moisture content. Where it is not possible to provide 
an independent paper conditioning room the situation 
may be corrected by requiring the paper manufacturer 
to deliver paper with the correct moisture content. 

®Weber, C. G., and Cobb, R. M., Bureau of Standards J. of Research, 
9:427 (1982), 


4The Paper Hygroscope, Litho. Tech. Foundation, 220 E. 42nd St., New 
York, N. Y. 
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\Vhile the finishing of lithographic papers with suffici- 
ntly high moisture content involves manufacturing dif- 
ficulties, the paper can be adjusted at the mi!l by ex- 
sing to the proper humidity or by the use of special 
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moistening devices after calendering. If properly pro- 
tected in the cases by waterproof wrappers, the moisture 
content will remain practically constant during shipment 
and storage. 


Instruments Needed to Operate 


Air Conditioning Plants Properly 


By William 


O assure best results after an air conditioning sys- 

tem has been finally adjusted, certain tempera- 

tures and pressures should be recorded daily dur- 
ing the time the equipment is in use. Recording instru- 
ments drawing a graph or curve give an unbiased rec- 
crd and in most cases are advisable. In some fine in- 
dustrial work these may be supplemented by indicating 
thermometers or gauges having finer graduations than 
can be found on the recording instruments. 

The data recorded should include (1) refrigerant tem- 
perature to and from washer ; (2) water temperature to 
and from washer; (3) water pressure on sprays; (4) 
wet and dry bulb air temperatures entering washer ; 
(5) wet and dry bulb air temperatures leaving washer ; 
(6) static pressure of air at discharge of washer. 

If some recording instruments must be sacrificed, for 
economy, it is recommended that Item 5 above be con- 


*Director of Engineering, Eli Lilly & Co., Indianapolis, Ind. Member of 
Board of Consulting and Contributing Editors. 
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Log sheet for recording data on 
operation of air conditioning plant 
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sidered the most essential. Under any circumstances 
all of this information should be regularly recorded on 
a log sheet filed for reference. With such information 
available an analysis can quickly be made in case of 
trouble, or an impending failure can be forecast and 
possibly avoided. 

Every instrument should be 
oftener if there appears to be variation in results. 

Air conditioning equipment should not be run over 
three or four days without entirely replacing the water 
It may be necessary to replace the water 


checked annually or 


in the washer. 
oftener if very dirty air is being put through the washer, 
but a fresh supply should be introduced at least twice 
a week. 

Our experience has been that the first parts of air 
conditioning equipment to show signs of failure are the 
eliminators and fan runner. These surfaces are partially 
wet and pattially dry and therefore are subject to rapid 
rusting. To prevent, or at least delay, such failure it has 
been found good practice thoroughly to clean and paint 
the eliminators and fan at least once a year. This not 
only applies to such parts, but also to all other exposed 
sheet metal parts. The annual clean up should include 
the examination of all insulation, the cleaning up, dis- 
mantling and overhauling of the motors and pumps and 
the cleaning of the ducts. Regardless of the design, 
certain dirt particles will go through any washer, and 
any system used continually will be found to contain 
much dirt at the end of a year’s service. 

Many failures are caused, and some at very inoppor- 
tune times, because of rubber gaskets or rubber dia- 
phragms that have lost their elasticity or become thin 
or worn in spots. It is good practice to change every 
rubber gasket and rubber diaphragm at least once every 
three years. 

Unsatisfactory operation of air conditioning plants 
may come about through many causes. Among the 
most common causes, however, are overloading of plant 
due to air infiltration in warm weather, dirty spray 
heads resulting in low rate of heat transfer, and clogged 
air filters resulting in retarded circulation. Other causes 
are insufficient refrigeration equipment in the initial 
installation, insufficient water to condensers, or accumu- 
lated muck in condensers. 

Air conditioning plants properly operated and main- 
tained will operate for years without any 
failure and may be considered as reliable 
as any other plant or building equip- 
ment. 








“What Air Conditioning 
Did for My Business” 


Air conditioning has proved 


itself to be a business builder, 


the experiences of many owners show 





O WELL has air conditioning proved itself an aid 
and a necessity—to business, it is difficult to 

think of a type of commercial establishment where 
its possibilities do not deserve investigation. Unexpected 
advantages frequently are found to have been obtained 
in addition to the expected results which have been the 
basis for an investment in air conditioning equipment. 
For instance, a jewelry store reported that air condition- 
ing prevented tarnishing of silver and contributed to 
keeping pearls in better condition, in addition to provid- 
ing comfort for customers and employees. A department 
store found, after installation of air conditioning, that 
revenue from pay toilets averaged $70 per week during 
the summer instead of the previous $30 to $35! 

Although specific figures in dollars and cents are quite 
often difficult to obtain because of the many factors in- 
volved, and lack of records which are truly comparable 
before and after air conditioning is installed, many an 
owner can cite experiences which prove his investment 
to be a paying proposition, For instance: (1) “Science 
has been very kind to the candy business in inventing 
air conditioning machines,” according to A. S. Kanelos, 
president of Andes Candies, Chicago candy shop chain. 
“Candies kept in an air conditioned store are fresh, 
glossy, and appetizing—a customer walking into an air 
conditioned candy shop is immediately induced into the 
mood to make purchases, due to the comfortable environ- 
ment and the attractiveness of the candy. Also, the sales 
ladies are never fagged out from the heat, and are able 
to approach customers in the proper manner. 

“Last summer we did not have to worry about candies 
being spoiled from the heat in our air conditioned shops,” 
he reports, “and anyone who has gone through hot 
weather in the candy business can readily understand 
what a mental relief this is.” 

(2) Since their first venture into air conditioning, 
Schleisner & Co., Baltimore, dealing mainly in women’s 
apparel, became a staunch advocate. They found that 
it not only removed the old hesitation about summer 
shopping, but actually encouraged shopping in summer. 
Moreover, advertising value and prestige was built up 
by air conditioning. 

(3) Air conditioning brought an increase of 25 per 
cent in total summer business for Caplan’s drug store, 
Harrisburg, Pa., according to the proprietor, and the 
store’s luncheon business was boosted a full third on 
summer days. Some of the benefits of air conditioning 
cited by Mr. Caplan are a marked appreciation of it 
among his customers, better dispositions of his employees 
and consequently more courteous service by them, and 
better condition of candies and as a result increased 
candy sales. One of the leading advantages of air condi- 
tioning is its advertising value—both by word-of-mouth 
and as a subject for newspaper advertising and window 
signs. The store distributes match-books mentioning air 








conditioning. 

(4) The air conditioning system for the warehouse of 
C. H. Stallman & Son, wholesale distributors of candy 
and tobacco, York, Pa., accomplishes more in the way 
of satisfactory results than merely to eliminate the dis- 
comfort of hot weather, according to George L. Stall- 
man, Jr. With the installation of air conditioning, many 
“hot weather worries” vanished, among them the fact 
that all candy, particularly chocolate coatings, has a way 
[Concluded on page 144] 























































Practical P iping iment 





N certain industries, materials to be processed are 

placed in a tank, a vacuum is drawn and chemicals 

are admitted for the purpose of impregnating the 
materials. Various treatments of wood products, for 
instance, employ this process. An important question 
is the length of time needed to produce the required 
vacuum in apparatus of a given cubic content with a 
vacuum pump of a given size. The converse problem 
arises also; namely, 
how large a vacuum 
pump will be required 
to evacuate the jank 
in a given time. 

The pump must be 
able not only to pro- 
duce a “dead end” 
vacuum higher than 
the requirements of 
the process, but as the 
dead end point means 
zero volumetric effi- 
ciency of the pump and zero output, the margin be- 
tween the vacuum required and the dead end vacuum of 
the pump will have a vital influence upon the time re- 
quired to reach the desired working vacuum. As the 
dead end is approached, the pump volumetric efficiency 
becomes very low and the amount of air handled ex- 
ceedingly small. With a dead end equal only to the ulti- 
mate vacuum desired, the time to reach this working 
vacuum would be infinite, and with only a small margin, 
the time stretches out enormously as the vacuum gets 
higher. This is evident from Fig. 2, where the total 
elapsed time for an assumed set of conditions is plotted 
against vacuum reached, In this case the highest vacuum 
desired is within 1 in. of the barometer and the pump 
dead end is within % in. of the barometer. This is a 
fairly good pump for ordinary commercial purposes but 
vacuum curve is very 


By S&S. 





the sharp upward turn of the time 
marked. 

For a problem, assume the tank volume or cubic con- 
tent is 100 cu ft. Further, assume a vacuum pump hav- 
ing a piston displacement of 74 cfm and that it can pull 
a dead end of 29.5 in. on a 30 in. barometer ; that is, it 
can reach within % in. of the barometer. Let the actual 
barometer in the problem be 29.6 in. and assume we wish 
tc evacuate the tank to within 1 in. of the barometer ; 
that is, to 28.6 in. 

We can plot the curve shown in Fig. 1 for the volu- 
metric efficiency of the pump, the air quantity being 
expressed at atmospheric pressure, and intake tempera- 
ture. The high vacuum—zero volumetric end of the 
curve corresponding to 29.5 in. on 30 in. barometer is 
29.5/30 = 98.3 per cent vacuum. This is obtained by 
actual test of the pump with closed intake. The zero 


*Engineer in Charge of Rotary Air Compressor Design, Fuller Co., 
Catasauqua, Pa. 


How to Select a P ump 
for Evacuating a Tank 


B. Redfield* 
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vacuum—high volumetric end of the curve is assumed 
(in absence of actual quantity test) to be at 96 per cent 
volumetric efficiency. The “curve” is almost a straight 
line, there being a slight sag at the high vacuum end. 


Step-by-Step Solution Explained 


Of course the strictly accurate way to solve this prob- 
lem would be to ap- 
ply integral calculus ; 
however, the step-by- 
step process set forth 
here is probably more 
acceptable. It consists 
of constructing a table 
values for 
sively increasing vac- 


succes- 


uum 
suming that between 
these steps the volu- 
metric efficiency of the 


points and as- 


pump has remained constant, at a value corresponding 
to the average vacuum between steps. We can easily fig- 
ure the amount of air to be removed from the tank dur- 
ing one of these steps and using average points from 
the volumetric curve of Fig. 1, the time required for 
“ach step of vacuum increase can be figured. The sum 
of all these time intervals is the total time required. 

The first column of Table 1 shows a succession of 
vacuum values reached. Toward the end of the process, 
the steps are taken closer together, the upward turn of 
the right-hand end of the time curve in Fig. 2 being the 
reason. The second column shows the absolute pres- 
sure existing in the tank when each vacuum is reached, 
expressed in inches of mercury and the values are merely 
the differences between the barometer (29.6 in.) and the 
vacuum stated in the first column. In these calculations 
many complications are avoided if we always measure 
the air at atmospheric pressure; moreover, Fig. 1 is 
plotted in this way. 

Of course, in such a process of evacuation, the ex- 
pansion of the air in the tank would reduce its tem- 
perature and it might seem as if this should be included 
in the calculations. It is perfectly possible to figure the 
temperature for each step assuming no radiation inward, 
but such calculated temperatures would be considerably 
different from the facts due to this same radiation. 

During the first part of the process, due to the cool- 
ing off, the pressure in the tank would be reduced faster 
because of shrinkage of the air volume. This would 
slightly shorten the time required to reach the ultimate 
vacuum desired. However, toward the end of the pro- 
cess, where the time grows longer, radiation inward 
would warm up the apparatus again, so the vacuum 
would fall off. To make up for this, the pumping would 
have to continue longer. By this reasoning, there would 
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be a slight gain in timé during the early stages; but 
toward the end, while warming up again, the continued 
pumping must be carried out under the condition of 
the greatly reduced volumetric efficiency of the higher 
vacuums. Thus the total time might be considerably 
extended. Under the circumstances, as no one can 
estimate how the radiation will act throughout the pro- 
cess, the matter of temperature change had better be 
neglected. On a large system it would have but a minor 
effect. 

To return to the table, the third column gives the 
amount of free or atmospheric air remaining in the 
tank. This is simply the cubic contents of the tank mul- 
tiplied by the ratio of the absolute pressure then exist- 
ing in the tank to the absolute pressure of the atmosphere. 
For instance, for zero vacuum, the pressure inside and 
outside the tank is the same; namely atmospheric. So 
the volume of free air in the tank is, obviously, the cubic 
contents of the tank. Similarly, for the condition of 
16 in. vacuum, the absolute pressure within the tank is 
29.6 — 16 or 13.6 in. The volume of free air within 
the tank then is 

13.6 
100 > = 46 cu ft 
29.6 

In Column 4 are the differences be- 
tween successive values in the third col- 
umn, the fourth column then showing 
the amount of free air removed at each 
step. The values are tabulated on lines 
between the values of Column 3 so as 
to make it clearer that the new values 
occur in passing from one step to the 
next. 


Fig. 1—Assumed characteristic of vac- 
uum pump used in example in text 


Column 5 shows the average vacuum in per cent of 
barometer under which the pump was working during 
each step. For example; during the step from 12 to 16 
in. vacuum, the average vacuum was 14. This is 
14/29.6 = 47.3 per cent of barometer as shown. From 
Fig. 1 we see that the volumetric efficiency of the pump 
for this average condition was 49.8 per cent; also tab- 
ulated in Column 6, This volumetric efficiency is ex- 
pressed as if the air volume were measured at .atmos- 
pheric pressure. Moreover, the air quantity to be re- 
moved during this step, as tabulated in Column 4, is 
also at atmospheric pressure. The free air the pump 
will handle per minute for the step between 12 and 16 in. 
vacuum is then the product of its piston displacement by 
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the average volumetric efficiency, or 


74 * 0.498 = 36.8 (Column 7) 


So the time to remove the 13.5 cu ft of free air during 
this step is 13.5/36.8 = 0.367 minutes as shown in Col- 
umn 8. 

The above process is repeated for each step of in- 
creased vacuum and the times required for each step 
are shown in Column 8. Obviously, the total time to 
reach any particular vacuum is the sum of the times re- 
quired for all the steps up to that vacuum, and in Column 
9 these “elapsed times” are shown. These are the values 
which are plotted in Fig. 2 and the total time required 


Fig. 2—Time curve for example given in text 










is shown by the table to be 534 minutes to reach 28.6 in. 
vacuum on a 29.6 barometer. 


Why Overall Average Value Cannot Be Used 


It might be supposed by some that this step-by-step 
process is needlessly long and that the sensible way 
would be to take an overall average value for the volu- 
metric efficiency and figure from that. To show that 
this cannot be done, let us take an average value from 
the curve in Fig. 1. The highest vacuum desired is 
28.6 in. on 29.6 barometer, or 96.6 per cent vacuum. 
Fig. 1 shows the atmospheric volumetric efficiency at 


this point to be 1.3 per cent. At the start, or at zero 





A practical piping problem quite frequently encoun- 
tered in certain industrial processes is the calcula- 
tion of the time required to evacuate a tank, and the 
selection of the proper size vacuum pump to evacuate 
a given tank in a given lime; an example is the 


treatment of wood products in creosoling vats...... 


Explained here is a step-by-step method of solving 
such problems which is more easily applied than is 
the strictly accurate solution involving integral 
calculus. Fig. 3 is a complete summary of the 


method, may be kept for handy reference once the 


method is understood. 
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Table 1—Summary of Step-by-Step Method of Fig- 


uring Time to Evacuate a Tank as Explained in Text 





vacuum, the volusnetric efficiency is 96 per cent. The 
average of these two values is 48.05 per cent, which 
multiplied by the pump displacement gives 36 cfm of 
free air handled. The free air in the tank at the start 
was 100 cu ft, and at the end (28.6 in. vacuum) was, 
by the table 3.38 cu ft. 
total amount to be removed. 
overall average, the time should be 


Therefore, by using one 


96.62 


36 


= 2.69 minutes, or about one-half the time 


previously figured. 

It is plain that this value is incorrect. As a matter 

of fact, by Fig. 2, the vacuum reached at this time would 
hes 

25 


he only about in. 


The difference, 96.62 cu ft, is the 
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utes, the pump would require. 


v.40 


74 = 106 cim piston displacement. 
1 

lf the original problem had been to determine the 
size of pump for a given time rather than the time for a 
given size pump the calculation would be simplified by 
assuming a pump having 100 cfm displacement. This 
would save some slide rule work, and having found the 
time required by such a pump, the inverse proportion 
of the times will give the required pump size. Of course 
commercial pumps must be used, so the next step would 
be to pick out an actual pump, plot its volumetric effi 
ciency from available data from the manufacturer and 
recalculate the time by the method described. 


Handy Guide for Solving the Problem 


As a guide for estimating such problems, Fig. 3 is 
given. This shows the ideal case of a 100 cu ft tank 
and 100 cfm displacement for the vacuum pump. On the 
curve two typical problems and their solutions are given. 
In this handy location the sample problems and _ the 
curve may be filed together and this text need not be 
referred to, unless one desires again to work out the 
In Problem 1, the time to draw a given vac- 
In Problem 2, the 


reasoning. 
uum in a given tank is worked out. 
size of pump to draw a given vacuum in a given time 
is solved. In the sample problems the tank size, the 
pump size, the time and the vacuum are all odd; but 
the solutions are shown by the use of the curve in 
Fig. 3, involving a 100 cu ft tank and a 100 cfm dis- 
placement vacuum pump. For most ordinary purposes 
this curve will be found very helpful for a preliminary 


figure. An ordinary commercial vacuum pump has been 
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1 To draw 25'vac.in a 100 cuft tank with 100PD.Pump |_| | 
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Assume that all conditions of the 





problem are the same as before, except 








Therefore time will be 2.22x $2 x F2= 5.22 min. {|| 
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that we wish to reach 28.6 in. vacuum 








in 4 minutes and we wish to purchase 
a pump to do this. The best way 


is 





> 
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merely to assume an arbitrary pump 
size and its volumetric efficiency curve, 
set up a table as described and deter- 


| _ <a 

Required size purnp to produce 23" vacuum in _| | | 
75¢cu tt tank jn 3 min. | {| 
The 100 cu ft purnp draws 23*vac.in /ddcuf? _| f\_| 


tank in 1.76 tnin. Therefore 2 /00 cuft pump 
on 75% tank will require 176x7%6=132min. 
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mine the time for that assumed pump. 
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But as 3min. are allowed, the purnp needs 











If the time is too long, the pump size 
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must be increased in inverse propor- 
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placement, assuming the same volu- 0 4 8 /2 lo 20 24 28 32 


metric curve. Therefore the total time 
will be inversely proportional to pump 
In our example a 74 cu 
oY 


lisplacement. Fig. 3 


ft displacement 
minutes, so to do the work in 4 min- 


pump required 


selecting the vacuum pump. 
the time required to draw a given vacuum in a given tank, and Problem 2 in- 
dicates how to select the size of pump to draw a given vacuum ina given time 


Vacuum Desired - (30° Barorm) 


Handy guide for estimating time required to evacuate a tank and 


Problem 1 shows the method for determining 
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Three rotary vacuum pumps used in forming bottles at a glass works 


assumed. However, for higher desired vacuums and for 
pumps able to pull higher vacuums, this curve will not 
apply and either integration or the step-by-step process 
here described must be used. 

Fig. 3 is for 30 in. barometer. If the barometer is 
not 30 in., express the desired vacuum as a per cent 
of the actual barometer and interpret this again as inches 
barometer. Example: Desired vacuum 
27.4 in. on 29.5 in. barometer. This is 27.4/29.5 = 
92.9 per cent vacuum which is 0.929 « 30 = 27.9 on a 
30 in. barometer. Use 27.9 in. as the desired vacuum in 
entering Fig. 3. Again it is cautioned that, especially 
at the higher vacuums, the total time will be greatly 


on a 30 in. 


changed if the “dead end” of the pump differs from that 
assumed in Fig. 3, or 29.3 in. on a 30 in. barometer. 
That is why the calculation method has been set forth 
in detail. 

As a slight fall-off in pump efficiency will consider- 
ably modify the result, it is always best to supply plenty 
of pump capacity rather than to skimp. Especially is 
this advisable because the only result of too large a pump 
would be to reach the desired vacuum a little sooner and, 
contrary to the usual process of compression from atmos- 
phere, the power required falls off rapidly as the vacuum 
increases beyond the peak, at about 15 in. vacuum. The 
higher the vacuum, the less the power. 





“What Air Conditioning Did”’— 


[Concluded from page 140] 


of getting soft and turning in color during hot weather. 
Moreover, in an atmosphere where the humidity is exces- 
sive, as is often the case in a warehouse, hard candies 
get sticky and become unsaleable. 

Mr. Stallman says: “We find that these worries have 
been removed by the constant temperature and relative 
humidity maintained in our warehouse. In addition, it 
has been possible for us to stock many higher quality 
candies, which retailers are capable of selling in the sum- 
mer, but which the average jobber cannot stock because 
of spoilage. This has meant additional volume for us 
during the lean candy months. Not only has the air con- 
ditioning kept our stock in good condition, but it has 
enabled us to buy more freely, without fear of loss 


through spoilage, thereby increasing our service to the 
retail trade.” 

(5) Dollar volume of business more than doubled in 
the S. & S. Coffee Shoppe, Augusta, Ga., as the result 
of installing air conditioning equipment, according to Roy 
Scarborough, the owner. “The cost of installing and 
operating the equipment has been more than justified by 
the increase in business which occurred contempora- 
neously with the adding of air conditioning,” he says. 
“The dollar volume of my restaurant business more than 
doubled during the last summer, and I am confident that 
air conditioning has both attracted new business and also, 
by assuring the comfort of patrons, caused more food to 
be consumed than would have been desired in a less com- 
fortable atmosphere.” 


(Acknowledgment for Items 1-4 is made to York Ice Machinery Corp., 
and for Item 5 to Kelvinator Corp.) 











HUS far we have reviewed' the types of pumps 

used for transporting fuel oil and have examined 

the laws governing liquid flow and the power con- 
sumed in creating that flow. The three elements— 
pump, piping and power—plus a fourth—metering— 
might be termed quantitative; they determine the quan- 
tity of oil moved. The remaining elements which com- 
plete the make-up of a fuel oil handling system are 
qualitative; they determine how, or in what physical 
condition, oil is delivered to the burner nozzles. These 
units are the preheater, pressure regulator, and strainer. 
The subject of preheaters and preheating is too broad 
to be treated in this paper; suffice it to say that preheat- 
ing must be provided with the heavier fuels, and that 
the amount of preheating is controlled so as to deliver 
oil to the nozzles at the most favorable temperatures.* 
Pressure regulators and strainers are discussed here, and 
metering, or feed regulation, although a quantitative 
operation, will be considered in the next and last article, 
since it is the final operation of a pumping system, and 
occurs at the point where oil enters the burners. 


Methods of Regulating Pressure 


The almost universal method of regulating oil pres- 
sure on oil burning systems is to discharge the pump 
against some type of relief valve placed near the pump 
outlet. These relief valves vary considerably in their 
construction, but all of them contain a balancing device 
to create a pressure against the pump discharge, and 
this device is usually adjustable to give some range of 
pressure variation. 

In the simplest type (used frequently where operat- 
ing pressures are between 5 and 25 Ib per sq in., and 
occasionally for higher pressures) a valve stem and 
plunger are forced against a valve seat by an adjustable 
spring. The spring tension determines the pressure 
which the pump must develop to push oil past the 
plunger. Hence, oil taken to the nozzle from any point 
between the pump outlet and the relief valve will be 
delivered at the pressure so determined. This type of 
pressure regulator has the virtue of simplicity, although 
there are several objectionable features. 

3oth the valve seat and the plunger are subject to 
eroding and corroding action, and wire-drawing also 
exerts its effect upon these parts. As a result, the 
plunger becomes scored and the seat grooved after a 
period of use, so that pressure regulation first becomes 
irregular and then may become impossible. To remedy 
this condition the plunger and seat must be re-surfaced 
by grinding with abrasive, much the same as with the 
valves of an automobile. Another objection is the tend- 
ency of the spring gradually to lose its elasticity, ulti- 
mately requiring its replacement. Most serious is the 
fact that this type of valve is easily clogged or rendered 
inoperative by the entrance into it of small solid particles 
or stringy materials such as tars and greases. For han- 
dling heavy fuel oil, therefore, this is not an ideal means 
of pressure regulation. 

Domestic type pressure atomizing burners invariably 


*Chief Engineer, Consumers Petroleum Co., Chicago, III. Copyright, 
1936, by Kalman Steiner. 

1See HEATING, Prpinc AND Arr ConpITIONING, November, 1935, p. 538; 
December, 1935, pp. 575-576; February, 1936, pp. 91-92. 

2See “Preheating of Fuel Oil,” by Kalman Steiner and Paul R. Unger, 
HeaTinc, Prptinc anp Air ConpiTIoNniNG, April, 1931, p. 297, for a dis- 
cussion of this part of the subject of handling fuel oil. 


Handling Fuel Oil 


Part 4: Pressure Regulation and Straining 


Steiner*® 


By Kalman 


employ some form of a compound pressure relief valve 
ii Conjunction with a pressure cutout, the function of 
the latter being to stop the flow of oil to the nozzle at 
the moment that the pressure drops below some pre- 
determined minimum, usually about 60 per cent of the 
operating pressure. These two parts—the pressure reg- 
ulator and the cutout—may be housed separately as two 
units, but current practice is usually to place them to- 
gether as a single piece of apparatus with adjustments 
for the two functions it must serve. Commercial valves 
of this kind take the form of one of three types—the 
piston, bellows, or diaphragm type, according to con- 
struction. The common operating pressure for such reg- 
ulating valves is from 75 to 150 lb per sq in., although 
special types are made for pressures as high as 400 Ib. 
These regulators are subject to the same objections as 
the pressure relief valve first described, but in the do- 
mestic valves seat erosion and loss of spring tension are 
more marked, because of the higher operating pressures, 
while clogging is of little concern since domestic fuels 
are lighter and cleaner and hence not likely to carry sedi- 
ment. 

Certain manufacturers of fuel oil equipment employ 
unusual means of controlling oil pressure, such as varia- 
tion of eccentricity of pump gears, or variation of gear 
mesh by lateral sliding of the gears, but to date none of 
these has come into extensive use. No doubt new mech- 
anisms for pressure regulation will be developed. 


Types of Strainers 


Fuel oil strainers can be classified as perforated metal, 
wire mesh, metal disc, and filter cloth. Roughly, their 
applications vary in the order named from the heaviest 
oils to the lightest. 

Perforated metal cylinders, closed at one end and 
open at the other, are commonly used in bulk operations 
where the chief purpose of the strainers is simply to pro- 
tect pumping equipment by keeping out of the pumps 
pebbles, sticks, etc. The 





relatively large foreign bodies 
cylinders are contained within castings which are so 
formed that the flow of oil through the assembly is di- 
rected into the open top of the cylinder and out through 
the walls and bottom, with provision made against short- 
circuiting—that is, oil passing from inlet of strainer 
body to outlet without having to pass through the cylin- 
der. Thus the solid matter which the strainer removes 
from the liquid is caught and retained within the in- 
side of the cylinder, so that by lifting the cylinder out of 
the strainer body all the solid matter is removed with it. 
The cylinder may then be cleaned and replaced, and the 
strainer body capped up for another period of use. 
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Perforated metal cylinders are sometimes applied to 
smaller units also, such as moderate sized industrial oil 
burners using the heavier grades of fuel oil. The per- 
fcrations are then smaller in diameter and more numer- 
ous, in order that the smaller sized particles of sediment 
will be retained without there being too much resistance 
to flow through the strainer. Usually a strainer of this 
type will be followed by another strainer of wire mesh 
to perform the final cleaning operation just before the 
fuel enters the nozzle or atomizer. 

Wire mesh strainers are made in a variety of shapes 
and sizes, and constitute the most important group. The 
mesh itself is a metallic cloth woven from wire, and a 
wide range of variation is possible in the diameter of 
the wire and the spacing between them. Some meshes 
are woven of such fine wire placed so closely together 
that only the very lightest fuels, such as kerosene or 
distillate, will pass through them. Commercial wire 
mesh strainers range from 30 wires per lineal inch to 
100 wires, and are designated by the number of wires 
per inch, as 30 mesh or 100 mesh, etc. To be com- 
pletely descriptive, however, the terminology should also 
state the wire diameter. 

As in the case of the perforated metal cylinder, the 
baskets for these strainers should be permitted to catch 
sediment on the inside, to facilitate removal from the 
strainer body. Some strainer bodies are constructed 
so that oil passes from the outside to the inside of the 
basket, so that sediment is retained on the outer surface 
of the basket. Subsequently, as the basket is being re- 
moved from the body, portions of the accumulated sedi- 
ment are washed back into the strainer body and must 
be drained out by removing a plug at the bottom of 
the body. In other forms, the body cap is at the bottom, 
so that when opened the basket and all other contents of 
the body are dropped out. The objection to this is the 


difficulty of replacing the basket and strainer cap after 
each cleaning operation. 

The third group of strainers is built up of a series of 
metallic discs, stacked in a column with close clearances 
The discs are arranged to 


between consecutive discs. 
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communicate into a common tube at their centers. Oil 
enters into the clearances between the discs at their cir- 
cumferences ; particles of solid matter of greater dimen- 
sions than the clearance are stopped at the outer surface 
of the column of discs, and from there are removed by 
scraping the surface of the column. This cleaning oper- 
ation is accomplished by turning the crank of a shaft 
which extends through the strainer body to a convenient 
point on the top. The shaft communicates to a scraping 
edge which is rotated over the column surface by turning 
the crank outside. The sediment thus scraped clear falls 
to the bottom of the strainer body and can be released 
at intervals by removing the bottom plug. 

The filter cloth strainer is an adaptation of the type 
used on automobiles for filtering lubricating oil. In 
order that as much filtering surface as possible may be 
contained within a strainer body, the cloth is arranged 
in layers folded into an accordion-like form over a wire 
skeleton. Obviously, it is imperative that the flow of 
oil be from the outside toward the inside, for if the 
reverse occurred, cleaning of the filter surface would be 
impossible. In practice, filter cloth strainers are re- 
stricted to the lighter or domestic fuels, as they foul up 
too rapidly when used on heavier industrial oils. 

In general, strainers, regardless of type, must be de- 
signed for minimum loss of head as the fluid passes 
through. The initial pressure drop through the strainer 
becomes progressively greater as the accumulation of 
sediment on the cleaning surface impedes flow. The 
frequency of cleaning is therefore determined by the total 
amount of original surface, the percentage of sediment 
in the oil, and the permissible pressure drop through the 
strainer. Wire mesh strainers are frequently used on 
suction lines, where of course the force creating flow is 
the atmospheric pressure on the storage tank. A vacuum 
gauge will therefore show the amount of vacuum needed 
to maintain flow through the strainer; when the vacuum 
gauge reading has mounted to a point approaching or 
exceeding 28 in., flow will cease. In practice, strainers 
should be cleaned before this limiting pressure drop has 
When the strainer is located in a pres- 
sure line, then pressure gauges 
on the inlet and outlet sides will 
show the pressure drop through 
that cleaning may be 
timed from a knowledge of the 
pressures available in the pump- 


been reached, 


it, so 


ing system. 


| The next of Mr. Steiner's artic’es 
will cover metering, or feed regula- 
tion—TuHeE Eptror.] 


Oil pumps, strainers, and pres- 
sure regulators on a theater in- 
stallation supplying oil to a bat- 
tery of five warm air furnaces 
























New Uses for the Psychrometric Chart in 


Simplifying Air Conditioning Problems 


Part 2—The author continues his explanation of 
the solution of air conditioning problems by means 
of a “‘psych’”’ chart with several typical examples 
showing the use of the method in determining the 
required stale of the air supply to meet given room 
conditions, and the conditions which can be main- 


lained with a given air supply 


N Part 1 of this article, published last month, a 

method of solving air conditioning problems with 

the psychrometric chart was outlined. The use of 
“heat ratio lines” was explained, and a table of the value 
of the “heat ratio angle” for various sensible heat ratios’ 
was presented. The several examples which follow 
clarify the use of these heat ratio lines. 


Required Wet Bulb of Air Supply 


ExAMPLE 1—A conditioned room is to be maintained 
at 78 F dry bulb and 50 per cent relative humidity. 
Eighty per cent of the total heat gain is sensible heat. 
lf the air supply entering the conditioned room is to 
have a dry bulb temperature of 58 F, find the required 
wet bulb temperature of the air supply. 

Solution--From ‘Table 1 (reproduced here), the 
heat ratio angle is 17°-21’. Spot the point A on Fig. 4 
at the intersection of the 78 F dry bulb line and the 50 
per cent relative humidity curve. Through the point 4, 
draw the heat ratio line A-C at an angle of 17°-21’ with 
the horizontal. The point B is located at the intersec- 
tion of the line A-C with the vertical line of 58 F dry 
bulb temperature. The required wet bulb temperature of 
the air supply as read at the point B is therefore 56.4 F. 


Check— 
Sensible heat absorbed by each pound of 
air = 0.24 (78-58) 
= 4.8 Btu 
Total heat content of air at room wet bulb 
temperature of 65.3 F = 29.87 Btu per Ib 
Total heat content of air at wet bulb tem- 
perature of 56.4 F = 23.88 
Total heat absorbed = 5.99 Btu per Ib 
4.8 
Sensible Heat Ratio = —— = 0.80 
5.99 


*The Trane Co., LaCrosse, Wis. Copyright, 1936, by William Goodman. 

1The sensible heat ratio is the proportion of the total heat gain of a 
room which is sensible heat, the balance being latent heat. 

In Part 1 of this article, Column 1, p. 89, February issue, latent heat of 
water vapor was stated to be about 1150 Btu per lb. This should of course 
be 1050 Btu per Ib, 
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EXAMPLE 2—A room has a sensible heat gain of 10,000 
Btu per hr and a latent heat gain of 2200 Btu per hr in 
the morning. In the afternoon, due to changing condi- 
tions in the room, the sensible heat gain is 8800 Btu per 
hr, while the latent heat gain is 3400 Btu per hr. The 
room is to be maintained at 70 F dry bulb and 50 per 
cent relative humidity at all times. The air leaving the 
conditioning equipment always has a relative humidity 
of 90 per cent. Find the required dry and wet bulb 
temperatures of the air supply for both conditions. 


Solution— 
10,000 
Heat ratio in morning = — — 
10,000 +- 2200 
10,000 
— —— — 0.82 
12,200 
Heat ratio angle (from Table 1) = 15° - 21’ 
8800 
Heat ratio in afternoon — —————— 
8800 — 3400 
8800 
= —— — 0.72 
12,200 
Heat ratio angle (from Table 1) = 25° - 56’ 
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The two heat ratio lines for the above conditions are 
shown on Fig. 5. Both lines pass through the point A, 
which represents the room condition of 70 F dry bulb 
and 50 per cent relative humidity. 

Reading from Fig. 5, at the point B where the heat 
ratio line cuts the curve of 90 per cent relative humidity, 
the air supply must have a dry bulb temperature of 50 F 
and a wet bulb temperature of 48.5 F for the morning 
























condition. For the afternoon condition, the air supply 
PERCENTAGE HUMIDITY 
of 28 & 8 2 t. 
Fig. 5—Example 2 
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must have a dry bulb temperature of 44.5 F and a wet 
bulb temperature of 43 F. 


Room Conditions with Given State of Air Supply 


The heat ratio line can be used not only to find the 
required state of an air supply for a given room condi- 
tion, but also to solve the reverse problem of finding the 
resultant room condition if the state of the air supply 
is given. 

EXAMPLE 3—Air leaving a bank of cooling coils has 
a dry bulb temperature of 55 F and a wet bulb tempera- 
ture of 53 F. This air is delivered to a room having a 
sensible heat ratio of 0.78. If the dry bulb temperature 
is maintained at 80 F by a thermostat, what will be the 
resultant relative humidity in the room? 

Solution—For a heat ratio of 0.78 the heat ratio angle 
is 19°-25’, 

The point A, Fig. 6, represents the given condition 
of the air leaving the cooling coils. From the point 4 
lay off the heat ratio line A-C at an angle of 19°-25’ 
with the dew point line through A. The line A-C inter- 
sects the vertical line of 80 F dry bulb at point B; point 
B therefore represents the condition of the room air. 
The relative humidity of the room will be 43 per cent, as 
read from point B. 

In central air conditioning systems many rooms are 
sometimes supplied with air from one conditioning unit. 
Since the dry and wet bulb temperature of the air supply 
to all rooms is the same, it is apparent that those rooms 
having the highest sensible heat ratio will have the 
lowest relative humidity. 

Inspection of Figs. 4, 5 and 6 shows that the lowest 
temperature which an air supply may have is the tem- 
perature at the point where the heat ratio lines intersect 
the curve of 100 per cent relative humidity. This fact 
has little significance as there is no air conditioning 
equipment commercially available which can provide a 





Table 1—Value of Heat Ratio Angle for Various Sensible Heat 


Ratios 

SENSIBLE Heat SENSIBLE Heat 
HEAT Ratio HEAT Ratio 
Ratio ANGLE Ratio ANGLE 
0.00 90°-0’ 0.50 51°-20’ 
0.02 89°-4’ 0.52 49°.5’ 
0.04 88°-5’ 0.54 46°-48’ 
0.06 87°-5’ 0.56 44°-29’ 
0.08 86°-1’ 0.58 42°-9’ 
0.10 84°-55’ 0.60 39°-48’ 
0.12 83°-46’ 0.62 37°-27’ 
0.14 §2°-35’ 0.64 35°-7’ 
0.16 81°-20’ 0.66 32°-47" 
0.18 80°-2’ 0.68 30°-28’ 
0.20 78°-42’ 0.70 28°-11’ 
0.22 77°-17’ 0.72 25°-56’ 
0.24 75°-49" 0.74 23°-42’ 
0.26 74°-18’ 0.76 21°-33’. 
0.28 72°-43’ 0.78 19°-25’ 
0.30 71°-4’ 0.80 17°-21’ 
0.32 69°-22’ 0.82 15°-21° 
0.34 67°-36’ 0.84 13°-24’ 
0.36 65°-46’ 0.86 11°-30’ 
0.38 63°-53’ 0.88 9°-41’ 
0.40 61°-56’ 0.90 7°-54’ 
0.42 59°-55" 0.92 6°-12’ 
0.44 57°-51’ 0.94 4°-34’ 
0.46 55°-41’ 0.96 2°-59’ 
0.48 53°-33’ 0.98 1°-28’ 

1.00 0°-0’ 
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saturated air supply. However, the temperature at 
vhich the heat ratio line intersects the curve of 100 
per cent relative humidity is interesting because it gives 
the lowest temperature at which air can be supplied to 
an enclosure and still maintain the specified conditions. 

Further, inspection of the heat ratio lines of Figs. 4, 
5 and 6 shows that, theoretically, there is an infinite 
number of combinations of dry and wet bulb tempera- 
tures which may be selected for an air supply. Prac- 
tically, however, the combination of dry and wet bulb 
temperatures selected for an air supply must be one 
which can be obtained with the equipment used to con- 
dition the air. It must be remembered that the air leav- 
ing the cooling equipment will ordinarily be delivered 
to the conditioned room without further treatment. 
Therefore, the conditioning equipment selected must be 
able to reduce the dry and wet bulb temperatures of the 
air supply to a point which will fall on the heat ratio 
line for the room in question. Commercial air cooling 
equipment tends to provide air which is very close to 
being saturated. ‘he air leaving cooling equipment such 
as is ordinarily used for comfort cooling installations will 
have a relative humidity, roughly, of 90 per cent. There- 
fore, the point selected on the heat ratio line must al- 
ways lie close to the curve of 90 or 100 per cent relative 
humidity. However, each designer, knowing the exact 
characteristics of the cooling equipment he is planning to 
use, can select the exact combination of dry and wet bulb 
temperature on the heat ratio line which his equipment 
can provide. 

EXAMPLE 4—A conditioned room is to be maintained 
at 75 F dry bulb and 64 F wet bulb. The sensible heat 
gain of the room is 40,000 Btu per hr, while the latent 
heat gain is 14,000 Btu per hr. If the characteristics 
of the cooling equipment are such that the air leaving 
it will have a relative humidity of 90 per cent, find the 
required dry and wet bulb temperatures of the air 
supply. 


Solution— 
Total heat gain = 40,000 + 14,000 = 54,000 Btu per hr 
40,000 
Heat ratio = —— = 0.74 
54,000 
From Table 1, the heat ratio angle is 23°-42’. Spot 


the point A on Fig. 7 at the intersection of the 75 F dry 
bulb line and the 64 F wet bulb line. Through the 
point A draw the heat ratio line A-C at an angle of 
23°-42’ with the horizontal. The point B is located at 
the intersection of the line A-C with the curve of 90 
per cent relative humidity. The required condition of 
the air supply as read at the point B is therefore 56 F 
dry bulb and 54.5 F wet bulb. 


Quantity of Air Circulated 


Since the conditioning equipment can provide only 
one combination of dry and wet bulb temperature which 
will intersect on any one heat ratio line, it is apparent 
that the air quantities to be circulated to the conditioned 
room cannot be selected first. To do so would be equiva- 
lent to fixing the dry bulb temperature of the air sup- 
ply. Examination of Equation 1 (see February article) 
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will show why this is true. Since both the sensible heat 
gains and the desired room dry bulb temperature are 
known, insertion of the air quantity in Equation 1 re- 
sults in a solution for the dry bulb temperature of the 
air supply. With the dry bulb temperature of the air 
supply determined by Equation 1, it is apparent, from 
Equation 4, that the wet bulb temperature of the air 
supply has been fixed. Thus, by arbitrarily selecting 
the air quantities to be circulated, both the required dry 
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Fig. 8—Can certain room 
conditions be main- 
tained with 1200 cfm of 
conditioned air leaving 
the cooling equipment 
at 90 per cent relative 
humidity ?, is the question 
answered in Example 5 
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and wet bulb temperatures of the air supply are fixed 
without any reference as to whether or not such a com- 
bination of dry and wet bulb temperatures can be ob- 
tained from the conditioning equipment. 

The following example illustrates this point. 

ExAmpLe 5—A conditioned room which has a sensi- 
ble heat gain of 15,200 Btu per hr and a latent heat gain 
of 4800 Btu per hr is to be maintained at a dry bulb 
temperature of 80 F and a relative humidity of 50 per 
cent. The characteristics of the air cooling equipment 
are such that the air leaving it has a relative humidity 
of 90 per cent. The owner has requested that 1200 cfm 
of outside air be conditioned and delivered. Can the 
designer comply with his request ? 


Solution— 
60 
—— 1200 cfm = 5420 lb of air per hr 

13.3 

Substituting in Equation 1: 

15,200 = 0.24 5420 (80-t,) 

t, = 68.3 F, required dry bulb temperature of the air 
supply. 


s Heating -Piping 
-_ otAir Conditioning 
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15,200 
Heat Ratio = Aree 
20,000 


— 0.76 


The heat ratio angle corresponding to 0.76 is 21°-33’. 
Spot the point A on Fig. 8 representing the room con- 
dition of 80 F dry bulb and 50 per cent relative humid- 
ity. Draw the line A-C at an angle of 21°-33’ through 
point A. Spot point B at the intersection of the line 
A-C with the dry bulb line of 68.3 F which is the re- 
quired dry bulb temperature of the air supply. Read- 
ing the state of the supply air at point B, we find that 
the wet bulb temperature of the air supply would have 
to be 61.9 F while its relative humidity would be slightly 
less than 70 per cent. 

Since the characteristics of the cooling equipment are 
such that air can be obtained at about 90 per cent 
relative humidity, that is at point D, it is obvious that the 
conditions of this problem cannot be satisfied if 1200 
cfm must be provided. 

[Part 3, to appear next month, will include additional exam- 
ples, and will discuss cases where the sensible heat ratio is so low 
that reheating is required—Tue Eprror. | 





Velox Boiler for Heating 


AD article by E. S. Dean in the Aug. 23, 1935, issue 
of The Engineer tells briefly of two plants and 
in more detail of a third, where the Velox hot water 
boiler has been installed for heating purposes. The 
illustration showing the layout of the plant is of a char- 
acter that cannot be reproduced. On the right is the 
combustion chamber with the burner and_ retractable 
ignition coil at the top and the tubular heating elements 
arranged as a water wall around the combustion cham- 
ber shell. On the extreme left is the preheater and 
economizer, and in the center is the supercharging unit. 
On the left of this unit is the gas turbine driving the 
axial flow compresscr, and this is coupled through gear- 
ing to a variable speed commutator motor, which is 
used for starting and regulation. The boilers are put into 
service, shut down, and regulated by push-button con- 
trol from the switchboard, and interlocks insure that the 
operations are carried out in the right sequence. In 
this particular installation the gas turbine at full load 
generates about 50 kw more power than is required by 
the air compressor, and this surplus power is fed back 
into the system through the motor. 

The heat release in this type of boiler reaches a value 
of 700,000 to 900,000 Btu per cu ft per hr, and the aver- 
age rate of heat absorption under normal operating 
conditioris amounts to 110,000 Btu per sq ft per hr. 
As far as fuel economy is concerned, a thermal effi- 
ciency of 87 to 89 per cent, based on the gross calorific 
value of the oil, is obtained at full load, and there is 
little variation in efficiency over a wide range down to 
below 25 per cent of maximum capacity. 

In the installation at the City University in Rome two 
oil fired Velox boilers are used. In view of the com- 
paratively small size of the units it has been possible 
to build the supercharging unit directly onto the boiler 
itself. 
radial flow impeller, 


The air compressor consists of a central standard 
The gas turbine is of the single 





stage impulse type and is connected through gearing to 
an auxiliary motor. (Reprinted by permission from 
Mechanical Engineering. For a description of the Velox 
steam generator, see Mechanical Engineering, August, 
1935, pp. 469-478. ) 


Solving Air Conditioning Problems 


Tue Eprror—I was very much interested in the ar- 
ticle on solving air conditioning problems with the 
psychrometric chart in the February issue. It occurred 
to me that this method might be further simplified in 
use by close approximations, which would make un- 
necessary the use of Table 1, p. 90. (Table republished 
in this issue, p. 148.—Eb.) 

lf the digits under “Sensible Heat Ratio” are added 
to the degrees of angle under “Heat Ratio Angle’, the 
result in most cases approximates a total of 100. For 
instance, Sensible Heat Ratio, 0.58 plus angle, 42 de- 
grees, equals 100. Given a Sensible Heat Ratio of 0.56 
and subtracting from 100 gives 44 degrees; actual angle 
44° 29’, which is closer than the ordinary measurement 
with a protractor. 

This relationship becomes less accurate with Sensible 
lfeat Ratios under 0.20. This means the relationship 
would hold in most cases, except where the case was 
primarily a drying operation—RAtpu F. Coun.* 


Converting Centigrade to Fahrenheit . 


to convert degrees Centigrade to de- 
“Double, subtract one-tenth, add 


An easy way 
rees Fahrenheit is: 


Oo 
a 
27» 
Example—Given 86 C. How many degrees F? 
2 86 172. 172 =~ 10 17.2. 172 — 17.2 + 32 


186.8 F. 
This rule may be remembered or applied with greater 
9/5C + 32) formula. 


Dixon, Tl. 


convenience than the (IF 


*Chief Engineer, Reynolds Wire Co. 




















ESTIMATING PIPING 


—Preparation of Sketches 


N a previous article on estimating for By 
piping’ the work of preparing an esti- 
mate was discussed and suggestions 
were made for arranging the work and for 
securing the necessary information. Refer- 
ence was made to the use of sketches as 
bases for estimates. The present article 
is devoted to the preparation of these 
sketches so as to render them most ef- 


E. W. Norris* 


basis for estimating piping is discussed here. 





Preparation of flow diagrams and sketches to be used as the 


The methods des- 


cribed are the result of considerable experience and, says the 


author, if adhered to will be found to save time as well as money 





fective both for estimating and for the 
preparation of the formal plans and speci- 
7 ° s 

fications. 


Flow Diagram an Effective Tool 


The flow diagram is a well known device for the 
illustration of processes and the general arrangement of 
piping. Usually it is a rather rudimentary affair and 
because careful thought is not expended on piping prob- 
lems till the actual plans are in production, the possibili- 
ties of the flow diagram are not generally appreciated. 
As a matter of fact the bulk of design work should be 
expended on the diagram, for in this stage changes can 
be made readily and alternative designs can be rapidly 
estimated and decisions made without loss of time and 
money for changing actual plans or, worse yet, for alter- 
ing partially completed work. Properly drawn diagrams 
accompanied by estimates prepared from them form the 
fastest and one of the most effective means of presenting 
data on piping for the consideration and judgment of 
executives. 

A flow diagram, like the estimate and drawings for 
which it is the basis, is prepared as a step in the installa- 
tion of a piping system—simple or elaborate. To begin, 
therefore, the purpose and characteristics of the system 
must be known and described clearly. The description 
should be as complete as possible, though as a rule it 
will be found, as work progresses, that more data must 
be supplied to cover points not originally considered. 

With the problem defined, the diagram is started by 
laying out the principal pieces of equipment and _ the 
connecting pipe lines. It is helpful to follow some rough 
scheme of layout similar to the actual arrangement but 
changing proportions and relative positions so as to 
emphasize the pipe lines and avoid crossing and re-cross- 
ing connections. With the main items laid out, the 
secondary equipment and the interconnecting lines may 
be drawn in. These could be put in at the same time as 
the primary layout but a much clearer arrangement will 
be obtained if the work is first concentrated on the most 
important class of service. For instance, in laying out 
the steam piping in a power house it is preferable to lay 
out the general scheme for the main steam lines. After 
these have been worked out in a satisfactory way, the 


*Piping Engineer, Boston, Mass. 
1HEATING, Pipinc aNp Air ConpitTioninG, January, 1936, pp. 19-21 
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auxiliary steam lines may be put in. Thus, the consid- 
eration of the main system is not disturbed by less 
important lines. 

Location of Valves—When the scheme of connections 
has been arranged to give the necessary flow from point 
to point, the valve locations should be chosen and the 
valves indicated. In this work it is essential to keep in 
mind the requirements of the system for continuity of 
service and the possibilities of taking down parts of the 
system for repair or cleaning. If the plant can be shut 
down periodically so that any valve can be repaired or 
removed the valving can be made very simple, but if it is 
essential to keep the major part of the plant in operation 
continuously, then great care must be taken to be sure 
that the system is divided into sections of such size and 
arrangement that every valve and pipe line can be 
worked on without shutting down more than a prede- 
termined part of the plant capacity. 
process piping the system must be flushed out periodically 
and in these pipe lines provision must be made to do this 
cleaning completely so that there are no pockets where 
material can remain and harden or otherwise deteriorate. 


In some classes of 


Provision also must be made for supplying the water, 
steam, or air used in flushing at the proper pressure and 
temperature. It should not be overlooked that the mate- 
rial flushed from the system must be carried away, and 
drain lines are required for this purpose which must 
deliver the wastage into suitable tanks or other process 
equipment. These items should all be noted on the flow 
diagram as memoranda for estimating and 
purposes. 

Size of the Lines—The next matter for consideration 

For this purpose the quantities of 
‘ach part of the system must be 
In most work 


design 


is the size of the lines. 
material flowing in 
stated and set down on the diagram. 
these quantities are simple matters but not infrequently 
the rate of flow varies so much that some little study 
must be given to determine what conditions present the 
maximum requirement for any particular line. With the 
capacity data, the pressures and the amount of pressure 
less that can be tolerated in the various parts of the sys- 
tem should be determined. 

A good example of this is the steam and feed water 
piping for a modern steam power installation. Reduced 
to simple form these may be tabulated thus : 
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STEAM PIPING Water PIPinc 

Pressure at throttle........ 400 lb Drum pressure ...:........ 435 Ib 

Press. loss in turbine lead.. 5 Ib Press. loss in regulating 

Header pressure .......... 405 lb WEE. sone ens been nna een 40 lb 

Press. loss in boiler lead... 10 Ib Press. loss in feed piping.. 10 Ib 

Press. loss in superheater.. 20 Ib En WUD. 6 Sumsdanadeean 15 lb 

Se OO ck cncccevaes 435 Ib Pump discharge pressure. ..500 lb 


Some of the more intricate parts of this tabulation have 
been omitted but it shows in general the build up of 
pressure through a system and the effect that different 
systems may have on one another when closely related. 
It is a very common fault to omit some of the steps in a 
calculation of this kind and the results of such omissions 
are difficult to correct afterward. By tabulat- 
ing the pressures and losses such omissions 
are minimized. 

When the diagram has been completed in 
its essentials it is necessary to carry the work 
a step nearer an actual scale drawing by con- 
sidering the physical layout of the plant and 
estimating the probable location of the various 
lines. In this study it may be necessary to re- 
arrange the diagram for convenience in fitting 
it to the actual arrangement. It should not be 
necessary nor is it desirable to approach a 
scale drawing but the sequence of equipment and the 
relative locations should be correct. This enables the 
actual dimensions of the parts to be estimated and acces- 
sibility to be studied. The general operation of the sys- 
tem in actual service should be thought out and all nor- 
mal and emergency conditions allowed for. Such prob- 
lems as grouping of controls and instruments may affect 
the layout considerably and the diagram can be of great 
value in suggesting arrangements that simplify operation 
and even reduce operating expenses. 





Providing for Flexibility 


The question of flexibility of piping for absorbing 
expansion and contraction due to temperature changes is 
usually left for the final drawings, but time can be saved 
by keeping this matter in mind when the piping diagram 
is adjusted to suit the general plant arrangement. Ex- 
pansion is sometimes cared for by using slip joints or 
corrugated expansion joints in the pipe lines. In this 
case the number and type of such joints should be indi- 
cated. More often the required flexibility is obtained by 
breaking up the runs of pipe with offsets and changes of 
direction so that expansion in one part of the system is 
absorbed by the bending of the next part. 

The complete solution of pipe line flexibility problems 
is a laborious matter requiring considerable study and 
experience but for estimating purposes and for most com- 
mercial uses as well, there are approximate methods that 
can be applied rapidly and without specialized knowledge. 
These methods are based on the assumption that the 
piping system consists of straight runs connected by per- 
fectly rigid fittings. Where cast fittings are used this 
theory is not far from the truth and where lines are 
joined by long radius pipe bends the error is not serious 
for the purpose intended if conservative values are used. 
Where forged elbows are to be welded into the line more 
care should be exercised and the data applying especially 
to these fittings should be obtained from their manufac- 


turers, The theory is embodied in a series of formulae 
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and curve sheets that are simple and clear ;? they are 
published in part by some of the larger supply houses as 
supplements to their catalogs. In using the curve sheets 
it is not necessary to have scale drawings if the general 
scheme of layout is clearly understood and approximate 
dimensions are available. The information required can 
usually be reduced to the equivalent of two straight lines 
of piping meeting at right angles with the far ends fixed 
or otherwise located. The lengths of such runs can 
readily be estimated and the curve sheets indicate at once 
the flexibility that can safely be assumed. This check of 
flexibility may seem an unnecessary complication of work 
when preparing information for an estimate 
but it will be found that not infrequently it 
indicates the necessity for increasing flexibil- 
ity by changes in layout that increase ap- 
preciably the cost and therefore form an es- 
sential part of the estimate. 

The last stage in the layout, when the ar- 
rangement, distances and sizes have been de- 
cided, is to select the classes of material to be 
used. For many types of installation the mate- 
rials and pressure classes are specified by 
codes. A good example of these is the Tenta- 
tive Code for Pressure Piping, sponsored by the 
A. S. M. E. The notation of materials and classes of 
piping equipment completes the diagram. It is now 
ready for use in taking off bills of material for estimating 
and, if work is to proceed, it contains all the information 
necessary for the preparation of the formal plans and the 
purchase of the material. 

Actual work on the preparation of flow diagrams for 
piping installations will demonstrate that a relatively 
small amount of practice enables the designer to complete 
such a diagram rapidly and cheaply. A _ surprising 
amount of information is contained in a small space and 
the work naturally follows a convenient sequence so that 
it is unlikely that any part will be forgotten or slighted. 
This feature added to the tendency to eliminate unneces- 
sary valves and interconnections make for very real 
economies in design. 

It will be observed that while the diagrams and data 
described are intended for estimating purposes, they form 
a complete method for design. This is as it should be, 
for designing and estimating are so closely related that 
one can hardly be carried out without at least some con- 
sideration for the other. Certainly no estimate worth 
having can be made without a satisfactory design to base 
it on and it is equally true, though not always appre- 
ciated, that a sound economic design must be based on 
cost figures whether these are carefully worked out and 
tabulated or are simply carried in the mind of the de- 
signer as the result of experience. For this reason it is 
well to carry out the work systematically, progressing 
from design to estimate and reconsidering proposed lay- 
outs in the light of cost figures. Of the several schemes 
of design that may be suggested at the outset of work 
the estimate forms a sound basis for comparison and 
selection although, of course, features of operation and 
maintenance also form essential factors. 





2The best study of flexibility, in the author’s opinion, is given in “A 
Manual for the Design of Piping for Flexibility by the Use of Graphs,” 
by E. A. Wert, S. Smith, and E. T. Cope, published by The Detroit 
Edison Co.; see Heatinc, Pipinc anp Arr ConpDITIONING, August, 1933, 
pp. 405-408. Also see the “Piping Handbook,” by J. H. Walker and 
Sabin Crocker, published by McGraw-Hill Book Co., Inc. 
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Boiler It is, of course, essential to know accurately 
Ratings the load when selecting a boiler for a given 
job, and in modernization work the boiler 
size should be figured on the basis of the radiation re- 
quired for the temperature desired in the building and 
not on the amount of radiation which may be installed. 
The transmission rate of standard cast iron radiation 
standing in 70 F still air is approximately 240 Btu per 
hr per sq ft of radiation surface. The rate increases as 
the temperature surrounding the radiator drops below 
70 F and decreases as the temperature rises above 70 F. 
In average work we figure 1 Ib of steam is equal to 960 
3tu per hr; consequently 1 lb of steam per hr will handle 
4 sq ft of radiation surface. 

When pipe coil of cast iron type radiation is used, the 
transmission rate is approximately 30 per cent higher 
than for the standard column or tube type. In this type 
of installation we figure on the basis of tube radiation 
and multiply by 0.75 for the required amount of radia- 
tion to heat a given space—but for selecting boiler size 
the transmission rate for wall type must be used. 

When blower units or blast coils are installed on a 
job, care should be used in determining the transmission 
rate. In these cases, manufacturer’s temperature ratings 
based on both inlet (termed initial air temperature) and 
outlet (termed final temperature) should be referred to, 
using the condensate rate based on the lowest inlet tem- 
perature, remembering that 1 lb of steam or condensate 
is equal to 960 Btu. 





Piping and Pick-Up Load 


Piping load must always be figured in selecting boiler 
capacity; this will approximate a load of 30 per cent 
on jobs up to and including 1000 sq ft of radiation under 
standard conditions. From 1000 sq ft up to and includ- 
ing 2000 sq ft add 25 per cent for piping load. From 
2000 sq ft up to and including 5000 sq ft, add 20 per 
cent for piping load. 

The above figures should be used only when the piping 
is covered with a good grade and thickness of covering. 
When piping is not covered and is used to supplement 
the installed radiation for heating the building, pipe sur- 
face should be figured in terms of sq ft of heating sur- 
face and this load applied to the boiler, remembering 
that pipe will transmit approximately 30 per cent more 
3tu’s than ordinary type cast iron tube radiation. 

On large jobs it is suggested that the piping load be 
figured rather than estimated. It is an easy matter to 
compute pipe surface, especially on new work, and manu- 
facturers will furnish data on the efficiency of pipe cov- 
ering. 

On installations where blower units or blast coils are 
used, the piping load also should be figured and not 
estimated, as the piping load is very little in proportion 
to the amount of radiation installed. 

Peak load must be figured, as in the case of starting up 
the boiler when the radiation is cold. This load is ex- 
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tremely heavy and provision in boiler size must be based 
accordingly. This load is referred to by boiler manufac- 
turers as ordinary pick-up load. 

Generally, boiler manufacturers base their boiler ca- 
pzcities or ratings in terms of “Equivalent Direct Radia- 
tion” (E.D.R.) which provides for this pick up load. 
To define more clearly this statement, suppose a boiler 
develops a total output of 264,000 Btu per hr, or in 
other words 1100 sq ft E.D.R., burning coal at the rate 
of 7 Ib of coal per sq ft of grate surface. If the manu- 
facturer considers that the rate of burning coal for best 
efficiency is 5 lb per sq ft of grate surface he will rate 
this boiler for a recommended E.D.R. load of 575 sq ft. 

In the above example the manufacturer has allowed 
a reserve in boiler capacity of 525 sq ft for handling peak 
load. This allowance for peak load is approximately 100 
per cent over and above the suggested or rec ymmended 
E.D.R. load to be connected to the boiler. 

The manufacturer, as a rule, clearly defines the Btu 
content of the coal used in determining the rating of the 
boiler and these data must be adhered to. If the Btu 
content of the coal to be used in a specific installation is 
below that at which the manufacturer has rated the 
boiler, then an allowance must be made in boiler size. 
Draft conditions have a vital bearing on the capacity of 
boiler output, so chimney conditions should meet the 
requirements of the boiler manufacturer or allowances 
be made. 


Oil Burning Boilers 


When oil burning equipment is installed, a larger 
boiler must be selected than for coal burning. Generally, 
the manufacturer demands that to the total E.D.R. load 
for coal burning that we add 25 per cent; this extra 
capacity for oil burning is termed “pick up load.” The 
length, width, and height of a boiler has a bearing on its 
adaptability to oil burning equipment so the oil burner 
manufacturer should be consulted in regard to installing 
a burner in a specific size boiler. The boiler capacity 
may be ample but due to its dimensions, it may not be 
of proper design. This point should be kept in mind 
when figuring to enlarge an old boiler for oil burning 
equipment. 


Steel Boiler Ratings 


Steel boiler ratings vary from cast iron. As a gen- 
eral rule, low pressure steel boilers are rated as fol- 
lows :— 

Hand fired coal burning boilers are rated on the basis 
of 14 sq ft of radiation (E.D.R.) per sq ft of heating 
surface (H.S.) in boiler. 

Oil burning or stoker coal fired boilers are rated on 
the basis of 17 sq ft of radiation (E.D.R.) per sq ft of 
heating surface (H.S.) in boiler. 

Suppose that a steel boiler has a total of 100 sq ft of 
heating surface and it is to be stoker or oil fired. To 





Table 1 


Multipliers for Heat Emission of Radiation for Air 
Temperatures Other Than 70 F 


TEMPERATURE OF AIR STANDARD COLUMN OR CAST IRON WALL 


SURROUNDING RADIATION rUBE RADIATION RADIATION OR PIPE COIL 


STEAM WATER StrFAM WATER 
401 1.21 1.30 1.57 1.84 
45 I 1.18 1.25 1.52 1.75 
50 1.14 1.20 1.48 1.69 
55 1 1.11 1.12 1.44 1.57 
60 F 1.07 1.07 1.39 1.51 
65 F 1.04 1.02 1.35 1.44 
TOF 1,00 1.00 1.31 1.39 
75 F 0.97 0.93 1.26 1 32 
80 F 0.94 0.89 1,22 1.26 


Btu per Hr Emission of Radiation for Other Than 
Standard Conditions 


Table 


i) 


ROOM TEMPERATURE, F STANDARD COLUMN OR CAST IRON WALI 


TUBE RADIATION RADIATION OR PIPE COIL 


SteaM WATER StrFaAM WATER 
40) 290 195 377 278 
45 282 188 366 263 
50 274 180 356 254 
55 266 73 345 244 
60 257 165 334 234 
65 250 158 324 224 
70 240 150 314 215 
75 233 148 302 205 
80 224 135 292 195 


Multipliers for Temperature Range Other Than 0-70 F 


INsipE TEMPERATURE, F 


Table 3 


OvrsipE TEMPERATURE, F 


50 55 60 65 70 75 sO 

+30 0.25 0.32 0.40 0.48 0.57 0.67 0.77 
1.94) 0.38 0.45 0.54 0.62 0.71 0.81 0.92 
+10 0.50 0.58 0.67 0.76 0.86 0.96 1.07 
0 0.63 0.71 0.80 0.90 1.00 1.11 1.23 

10 0.75 0.84 0.94 1.04 1.14 1.26 1.38 
20 0.88 0.97 1.07 1.17 1.29 1.41 1.54 
30 1.01 1.10 1.21 1.31 1.43 1.56 1.69 


find its rating, multiply 100 by 17 and the rating of boiler 
in sq ft of radiation (E.D.R.) will be 1700. 


Water Heating Load 


If an indirect hot water heater is connected to a boiler, 
then this load must be figured and added to the boiler 
size. Do not include this load when figuring for piping 
load as the piping involved in the installation for the 
heater is practically nil. This does not seem to be gen- 
eral practice among oil burner manufacturers; they in- 
variably include the hot water load with the radiation 
load and then add for piping load. 

For general estimating, it is practical to allow ™% sq 
ft of steam radiation load for each gallon of water to be 
heated 100 F in 3 hr. If the water is to be heated 100 F 
per hr, then figure 1% sq ft of steam radiation load for 
each gallon of water to be heated. 

To illustrate the figuring of boiler size, assume we 
have the following job :— 

3000 sq ft of 38 in. 5 tube cast iron radiation standing in 70 F 
still air. All piping properly covered and surrounded by 70 F air. 
One 400 gal indirect hot water heater, rated to heat the water 
100 F rise in 3 hr. 
temperature 0 F. 


Outside 
Cast iron steam boiler and oil burning equip- 


Inside room temperature 70 F. 


ment. Refer to Tables 1, 2, 3, 4. 

free “ye ee PE Dea oacess, i eartesie 3000 sq ft 

eee er ee 600 sq ft 

| ae eee Fae GARI, Per sma des cumhake 200 sq ft 
3800 sq ft 

ME Onc khcarens eeecidne ED tax tiiela s hiikeeen 950 sq ft 


4750 sq ft 
D. R. load. 


4750 sq ft equals boiler size required based on E, 


To illustrate further the selection of boiler sizes, as- 
sume a garage job with the following data :— 
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Table 4—Btu per Sq Ft per Hr 
With Various Water Tempera- 
tures in Radiator 


2250 sq ft of wall type 
cast iron radiation standing 


in 50 FI still air. All pip- 
Waren ing properly covered and 
TEMPERATURE, F Bru per Hr & pro . ee 
160 125 surrounded by 50 F air. 
170 140 One 200 gal indirect hot 
180 td water heater, rated to heat 
190 175 me ° 
200 190 the water 100 F rise in one 
210 210 hour. Inside room temp- 
220 226 erature 50 F. Outside 


temperature 0 F. Cast iron 


steam boiler and oil burning equipment. 


Se Ol Wh case ienwwenes 5 fren ere 3330 sq ft 

SN SOR iaig elena cate pres SOME. ccnauexkwewiewian 666 sq ft 

Oe eee ee ech ac “ERR PC ere . 3800 sq ft 
4296 

5 Perrier rer OE cic sceneivcssensa 1074 sq ft 


5370 sq ft 
5370 sq ft equals boiler size required based on E. D. R. load. 


In the above example, 25 per cent was added for pip- 
ing load to the larger amount of radiation. When pip- 
ing is standing in air below 70 degrees, the transmis- 
sion rate is greater, as in the case of the radiation, and 
the additional load must be added to the boiler load. 

To illustrate the use of Table 3, assume we are figur- 
ing a heating job where the temperature inside is to be 
SO F and outside temperature 0 F. We figure the 
amount of radiation required to heat the space to 70 F 
and referring to Table 3 we find under 50 F and opposite 
O F the factor 0.63. 

We multiply the amount of radiation required to heat 
to 70 F by 0.63 and the answer will be the required 
amount of radiation for the 50 F temperature. 

In selecting boiler size for a hot water heating installa- 
tion, it is logical to figure radiation requirements in 
terms of sq ft of steam radiation. This figure is then 
converted to hot water by adding 60 per cent. This is 
general practice among the majority of heating contrac- 
tors, for if figuring of jobs is confined to one set rule, 
errors are not so likely. 

Under standard conditions, hot water radiation will 
give off 150 Btu per sq ft of heating surface per hr 
standing in still air with an average water temperature 
in the radiation of 175 F. 

Recently many contractors have been laying out hot 
water jobs using recirculating pumps with various water 
temperatures other than 175 F, usually up to 220 F. As 
the temperature of the water is increased over the stand- 
ard 175 F, less radiating surface is required to do the 
same amount of work but the boiler size must be based 
on the larger amount of radiation. Since boilers are 
rated on the basis of 175 F water in the radiation it will 
be readily understood that the selection of boiler size 
must be based on the actual demand upon it and nof on 
the basis of connected sq ft of radiation. 

When it is desired to figure the amount of radiation 
to be installed on the basis of temperatures other than 
175 F, Table 4 may be used. 

To illustrate use of Table 4, assume that the heat 
loss in a particular building totals 450,000 Btu’s (450,- 
000 divided by 150 equals 3000 sq ft of radiation) and 
we desire to use 200 F water in the radiation. To ar- 
rive at this required amount of radiation, 450,000 is di- 
vided by 190 and the answer is 2368 sq ft. Boiler size 
would be based on the 3000 sq ft load. 
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By Burton E. Shaw* 


HERE has recently been a decided trend in the 

heat control industry toward a widespread appli- 

cation of thermostats built by different manufac- 
turers employing artificial heating within the thermostat 
itself. Various ingenious methods of artificial heat appli- 
cation have been developed, but it is not the purpose of 
this paper to discuss the possible advantages or disad- 
vantages of these devices. In the results obtained all 
thermostats within the same general classification or cate- 
gory performed to produce practically the same results. 
In this paper eight different thermostats of three manu- 
facturers were investigated. Operating results were ob- 
tained on all of these thermostats, but because of limited 
time and test facilities, as well as the closely allied per- 
formance data which were found, certain thermostats 
were investigated more fully than others. 

For the purpose of this paper, thermostat types A, B, C, 
D, and E were of artificially heated construction; type F 
was a standard precision-construction conventional unit ; 
type G was of the same construction except that it em- 
ployed a clock used for set-back temperatures at night. 
Type H was a clock actuated thermostat which operated 
at fixed time intervals to turn on the heat source (in this 
case an oil burner), if any room temperature drop of a 
fractional degree occurred at the thermostat location, 
Results obtained on this latter instrument as far as the 
temperature control was concerned, indicated that it 
operated over the period tested identically to that of any 
of the artificially heated types of thermostats arranged 
for so-called short cycling operation. 

It is the purpose of this paper to correlate the results 
obtained on the various thermostats mentioned in order 
to compare the effect of thermostat design, operation, 
and location on various factors affecting flue gas loss, 
oil consumption, off-period stack loss, and the most im- 
portant factor of all—physiological comfort. It is the fur- 
ther purpose of this paper to report upon the effect on oil 
consumption of lowering the thermostat setting during 
the night. It must be borne in mind that the results 
reported herein are those encompassed only by this inves- 
tigation, and may not generally apply to other installa- 
tions. 


Residence A 


During the heating season of 1934-35 a large well con- 
structed eight-rcom frame house, located in Southwick, 
Mass., having a gravity warm air system installed, was 
thoroughly investigated. For a design inside tempera- 
ture of 70 F, and 0 F outside, the calculated hourly Btu 
net load was 106,000 Btu. The standard Btu loss method 
of calculation was used to determine this value. The 
calculated value was later checked by computed results 


*Research Chief, Penn Electric Switch Co. 
Presented at the 42nd Annual Meeting of the AmerIcan Society 
or HEATING AND VENTILATING EnGiNeeERS, Chicago, Ill., January, 1936. 
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at 65 degree-days. In this residence calibrated thermo- 
meters were located at the floor, 30 in. and 5 ft above 
the floor and at the ceiling level in the living room ad- 
jacent to the thermostat. Thermometers alse 
occasionally read at the top of the second floor staircase 
in order to determine possible temperature over-run. A 
two bulb standard recorder was placed adjacent to the 
thermostat to record room temperatures. The bulbs at 
different times were arranged to record floor tempera- 
tures, 30 in. zone temperatures, 5 ft and ceiling 
temperatures. After an initial study relative to tempera- 
ture variations the 24-hour chart instrument was re- 
placed by a 7-day instrument set to record temperatures 
at the thermostat location. An outside temperature 
recorder covering a range of —30 to + 120 F was in- 
stalled to record outside temperatures. No local weather 
bureau data were available and it was obvious that all 
results in order to be of value should be based on de- 
gree-days. A stack temperature recorder was located 
at the breeching of the furnace. A blower system was 
installed in conjunction with the gravity warm air fur- 
nace in order to convert the heating plant from a gravity 
to a forced air system. The nozzle installed in the oil 
burner was calibrated several times during the course of 
the investigation. In conjunction with the calibrated 
nozzle the outside 1000-gal tank was checked daily for 
oil consumption. 

A preliminary investigation at Southwick disclosed the 
fact that the heating system was not in balance. In 
order to get a fair comparison of the various thermostats 
it was deemed advisable for the purposes of this paper 
to operate the blower at a reduced speed and to balance 
the system by throttling dampers located in. each base- 
ment duct. This was accomplished so that a fair basis 
of comparison for all of the thermostats tested could 
be determined. 

Early in the progress of the investigation it was evi- 
dent that stack gas temperature alone could not be con- 
sidered as a criterion of possible flue loss, even though 
the burner always operated at the same continuous effi- 
ciency and flue gas loss. The continuous fired carbon- 
dioxide concentration was set at 10 per cent with a draft 
of 0.02 in. water in the fire-box. In this case the set- 
ting of 10 per cent continuous carbon-dioxide concentra- 
tion was selected as it is gradually becoming considered 
as a standard by the oil burner industry. Spot samples 
were taken at different intervals for the various firing 
conditions, but these likewise were not completely satis- 
factory because of personal error and other variations. 
It was finally decided to continually aspirate flue gases 
from the time the burner started until the instant it shut 
off, for only in this way was it possible to obtain a satis- 
factory cross-section of combustion results. Gas samples 
initially taken were analyzed for carbon-dioxide, oxygen, 
and carbon-monoxide by a standard Orsat apparatus. 


were 
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However, it was evident that losses other than those that 
could be determined by a standard Orsat apparatus night 
be present, and it was therefore decided to secure a 
Bureau of Mines Burrell in order that an analysis could 
be made for the possible presence of hydrogen, as well 
as unconsumed such as ethane and 
methane. Also by using the high temperature combus- 
tion method, a more accurate determination of the pos- 
sible carbon-monoxide constituent could be determined. 


hydro-carbons 


A continuous aspirating device was designed similar 
to the set-up as reported upon by the University of Illi- 
nois. It will be noted that electrically operated solenoid 
valves were arranged so that they connected to the burner 
stack control and permitted the introduction of a gas 
sample only during the burner operation. 

Knowing the average stack temperature conditions as 
well as the average constituents of the flue gas during 
the on period of the burner, it was possible to determine 
the average flue loss for various methods of operation. 
In Southwick thermostat types A, B, C, E, F, and G 
were investigated. In this residence a pressure atomiz- 
ing burner was employed using a calibrated nozzle de- 
livering 3.7 gal per hour. The calculated continuous 
burner efficiency was 65 per cent. 


Residence B 


Residence B located in Adel, Iowa, was of practically 
the same construction as the one in Southwick, Mass. 
The investigation was continued with thermostats D and 
H used on the heating system which was in this case a 
hot water installation. Another pressure atomizing oil 
burner of practically the same description, but built by 
a different manufacturer than the one used at South- 
wick, was installed. This burner had a calibrated 
nozzle capacity of 3.16 gal per hour at a calculated eff- 
ciency of 55 per cent. The calculation of the hourly Btu 
requirements at Residence B based on 70 F inside tem- 
perature, and an outside temperature of 0 F gave the net 
requirement of 115,000 Btu per hour. This value was 
corrected to check with the actual requirements of Resi- 
dence B as determined in the course of the investigation. 
In continuing the investigation in Residence B the main 
point of interest was the possible variation in results ob- 
tained by a hot water system in comparison to a warm 
air system. Test determinations were made in this resi- 
dence in the same manner as those of Residence A ex- 
cept that in this case the burner was not set for 10 per 
cent carbon-dioxide concentration for continuous firing 
nor was an attempt made to maintain the draft constant 
over the fire. The installation may be considered an 
average one for this portion of the country, with the 
possible exception that no draft regulator was installed 
as in Residence A. However, it has been found that 
many installations like this are made each year, and it 
was therefore considered to be of interest to test the 
installation as made by an average dealer for an average 
application. As time permits, the investigation at 
Residence B will be continued with the oil burner set 
for a 10 per cent carbon-dioxide concentration, and 0.02 
in. of water draft at the fire-box. At the present time 
on continuous firing the carbon-dioxide concentration 
is 5.8 per cent with the draft over the fire varying 
from 0.08 to 0.13 in. of water depending upon the outside 
temperature and wind conditions. Another reason it 
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was considered advisable to carry on the investigations 
at Residence B under the above conditions, which might 
be deemed rather inefficient otherwise, was that by 
virtue of the results obtained at Residence A it was 
considered advisable to thoroughly study the question 
of off period sensible heat loss. This factor will be 
enlarged upon further in this paper. 


Mounting, Location and Cycling of Thermostat 


At Residence A, comparative studies were made 


of 
the location of thermostats at the 30 in. zone and the 5 


Table 1—Fuel Consumption Comparison with Various 
Thermostats and Settings 























| GAL 
Dec Days TYPE Settinc * PER Dec Day __Days 
RESIDENCE A 
| | 
33.9 B sc—N NSB 0.53 10 
50.3 | Cc | sc—N NSB 0.54 21 
23.6 | A | se-NNSB | 0.56 3 
36.5 F | b—-NNSB | 0.51 19 
24.1 iy l—N NSB | 0.52 2 
| 
RESIDENCE B 
18.6 E c—N NSB 0.54 | 8 
26.6 H 


| sc—NSB 0.50 2 
| | 





“sc—Short cycling operation. 
lce—Long cycling operation. 

NNSB—No night set-back. 

NSB—Night set-back. 


Table 2—Fuel Consumption Comparisons with Various 
Thermostat Settings 





Resmwence A: 106,000 Bru per Hour RapIATION, 
CoNTINUOUS BURNER EFFICIENCY 65 PERCENT 




















| GAL PER Dec Day PER | 
AVERAGE SETTING | 100,000 Brus PER Hour| GAL PER No 
Dec Days | Net REQuIREMENTSD Dec Day Days 
a Sasa ee 
27 .3 c—NSB 0.434 | 0.46 3 
28 .7 sc—NSB 0.425 0.45 3 
43.2 s—N NSB | 0.510 0.54 34 
35.7 | sc/le—NNSB | 0.500 | 0.53 9 
55.3 | k—-NNSB | 0.480 0.51 | 21 
| 
RESIDENCE B: 115,000 Bru per Hour RaApDIATION, 
Continuous BURNER EFFICIENCY 55 PERCENT 
— : i 
26.6 | se—NSB | 0.435 0.50 2 
18.6 | c—NNSB 0.470 0.54 | 8 
| 


' 





bThese average rates of consumption should not be compared to rates 
obtained from Fig. 1 due to the greater range of outside temperature 
encompassed by this table. 


Fuel Consumption Comparisons with Different 
Thermostat Heights 


Table 3 

















| 
| GAL PER AVE 
Heicut | SETTING Dec Day No Days Dec Days 
5 Ft | se—NNSB 0.54 13 35.8 
30In | se—NNSB 0.54 21 45.5 
5 Ft l&—N NSB 0.51 6 34.5 
30In | k—-NNSB 0.52 15 | 35.5 
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RESIDENCE ‘A 
NO NIGHT SET BACK, 106,000 BTU PER HOUR 
RADIATION 65 % CONTINUOUS BURNER EFFIC- 
IENCY 


000 BTU NET REQUIRED 


GALLONS-VUtGREE DAYS- 100 





DEGREE DAYS 


Fig. 1—Fuel consumption curves for various thermostat settings 


it zone. At Residence B the thermostats were only com- 
pared at the 30 in. zone. 

The various thermostats tested had different means 
of adjusting the mechanical differential of the thermostat 
in order to control the burner cycle, that is, the length 
of the burner on period for any one temperature condi- 
tion outside. Rather than to enumerate and compare the 
specific settings of the different differential adjusters of 
the various thermostats, it seems advisable to segregate 
the operation by results alone. Therefore, for the pur- 
pose of this paper, the thermostats having a setting such 
that the room temperature variation at the thermostat 
was less than 1 F were termed short cycling thermostats 
and were referred to by the designation, sc. Short cycling 
resulted in line temperature control with normal varia- 
tions less than % F at the thermostat location. A ther- 
mostat set so that it resulted in a 1 to 2 F maximum var- 
iation at the thermostat location was called a medium 
cycling thermostat and was designed by the symbols, 
sc/le. Medium cycling resulted in normal variation not in 
excess of 1 F and may be termed short cycling, except for 
the purpose of this paper it was necessary to make a 
distinction between the close temperature control and 
line temperature control obtainable by short cycling (sc). 
Thermostats operating to maintain a maximum variation 
at their location of greater than 2 F are designated 
as long cycling thermostats and will be referred to by 
the symbol, Jc. The conventional temperature recorder 
is scarcely more accurate than % F, and further many 
abnormal conditions such as prolonged opening of out- 
side doors, solar radiation on the thermostat, etc., are 
hound to occur occasionally to upset the plans of the in- 
vestigator. Hence in reporting the results of these tests 
the average conditions have to be considered. The term 
short cycling as previously defined may therefore be con- 
sidered a normal temperature control with approximately 
14 F or less, and the term medium cycling—control 
within approximately 1 F. 


Results 


Thermostat Type. Based on temperature control at 
the thermostat location the various artificially heated 
thermostats performed practically alike when adjusted 
to give the three types of operation previously enumer- 
ated as short cycling, medium, and long cycling. Whether 
or not there was any relative merit to various types of 
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thermostat construction as regards ruggedness, or snap 

of contacts, is beyond the scope of this paper. 
Thermostat 

and fuel economy all results obtained indicated that there 


Location. Relative to oil consumption 
was little or no difference to be gained by the location 
of the thermostat (Table 3). From the standpoint of 
physiological comfort, however, there seemed to be a 
marked difference if the reactions of the author, his fam- 
ily, and his friends may be considered as a safe criterion. 
Thermometer readings showed that floor temperatures 
increased on the average from 1 to 5 F depending on 
outside weather conditions, when a 30 in. thermostat set- 
ting was used as compared to a 5 ft location. Ceiling 
temperatures in line with the thermostat location were 
increased the same amount ; however, temperatures taken 
at the head of the second floor staircase showed very 
little difference. Based on the opinion of a number of 
people who expressed judgment on the results obtained 
at Residence A it is the author's conclusion that the loca- 
tion of a thermostat at approximately the 30 in. zone will 
give superior comfort conditions as compared to one 
placed in the conventional 5 ft or breathing line loca- 
tion, 
perimentation with a base board mounting it is ques- 
tionable whether such a low location would be satisfac- 
tory except where the residence is completely air con 
ditioned and well insulated. A study of Table 3 shows 
no difference in the recorded average gallons per degree 
day for Residence A for short cycling operation with 
no night set-back (sc-N N S B). Although the results 
were averaged for a different number of days and the 


Considering the results obtained as well as ex- 
Ss 


degree-days average also was different, it is felt that the 
two values ‘gallons per degree-day) are closely com- 
parable. Reference to Table 3 and to Fig. 1 shows that 
based on total averages the gallons per degree day re- 
corded, decreased slightly from 35.8 degree-days (sc-N N 
S B-5 ft) to 45.5 degree-days (sc-N N S B-30 in.) indi- 
cating that oil consumption for this type of operation may 
show a saving for the 30 in. thermostat location. It also 
appears from these results that the shorter the thermostat 
cycling the more favorable a 30 in. mounting becomes. 
However, there can be no doubt that on the installations 
investigated the Comfort Zone thermostat mounting re- 
sulted in no greater oil consumption and much better 
comfort conditions were obtained. 

Length of Cycle. The effect on oil consumption of 
long, medium and short cycling is shown in Fig. 1, where 
gallons of oil consumed per day per 100,000 Btu net 
requirements in Residence <1 (0 vs 70 F at a calculated 
efficiency of 65 per cent) were plotted as ordinates 
\lso gallons of oi! per 
degree-day were plotted as ordinates. It is evident from 
Fig. 1 that medium cycling as already defined in this 
paper will result in practically no greater oil consump- 
tion than long cycling. Straight line temperature control 
while the ultimate in human comfort will be somewhat 
less economical than long cycle control. In other words 
at the present stage of the art, and considering the type 
of oil burners investigated, line temperature control with 
about '4 F maximum variation will be more expen- 
sive depending upon outside weather conditions, than 
medium or long cycle operation. The 
consumption will be less than 2 per cent greater for 


against degree-days as abscissae. 


average oil 
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medium cycling than for long cycling. The value for 
straight line temperature control will be slightly more 
than this value. Based on Fig. 1 there seems to be little 
difference between medium cycling control that may 
readily be obtained with the new type of artificial heating 
thermostats as compared with the long cycling method of 
operation obtained with former conventional thermostats. 
In fact at Residence A as outside temperature conditions 
became more severe with an increasing number of de- 
gree-days the medium cycle operation holding the aver- 
age temperature within a variation of less than 1 F 
closely approached the economy of the conventional long 
cycle thermostat operation. Investigation was made of the 
cause of extra loss on very short cycling operation with 
the results as shown in Tables 4 and 5. It is evident 
from Table 4 as well as Fig. 8 that the total flue loss in- 
creases directly with the length of cycling in the range 
tested. Hence, considering all radiation loss as practic- 
ally a constant, greater economy with short cycling would 
be expected if it were not for the higher off period loss 
as shown in Table 5. Base loss contributing as it does to 
both radiation and convection losses was kept at a 
minimum with insulation behind the bricking and the use 
of light weight porous insulating brick. Convection 
effects were undoubtedly reflected in a somewhat higher 
sensible heat dry stack loss during the on period as well 
as a higher sensible heat loss during the of period. The 
off period loss is controllable and more cognizance should 
be given to this factor. The off period losses were 
calculated as shown in Appendix A and will be more 
fully discussed later. The values calculated by this 
method check closely with the total over-all loss indicated 
by the oil consumption data, and the net radiation re- 
quirements of the house. They are, therefore, believed 
to be close to the actual conditions existing and serve 
their purpose of indicating the variation of off period loss 
with length of cycle and outside temperature conditions. 
Table 5 also analyzes the unconsumed flue gas loss in- 
dicating that it is greater for shorter cycling, but the per 
cent variation is small. Furthermore the lower average 
stack gas temperature counteracts this slight increase to 
maintain the total loss less for short cycling. Fig. 2 
shows degree-days as ordinates plotted against gallons 
per day as abscissae for the various types of thermostat 
operation. The curves indicate little variation between 
long cycling and medium cycling operations. 

Table 1 shows the various types of thermostats with 
different settings, and the gallons per degree-day re- 
corded at Residence A, for the number of days in which 
the investigations were made. In Fig. 1 all of the thermo- 
stats operated at their day settings continually 24 hours 
a day; and no night set-back was used, hence the desig- 
nation N N S B It is to be noted that for similar set- 
tings the results obtained on each of the thermostats 
were quite consistent considering variation in degree- 
days and the number of days in which the values were 
averaged. Table 1 also shows a small saving in oil con- 
sumption for long cycling vs short cycling operation. 

Table 2 compares various types of thermostat opera- 
tion on the different thermostats, with gallons per degree- 
day, gallons per degree-day per 100,000 Btu net heating 
requirements at Residence A, and the number of days 
during which each instrument was tested. Table 2 also 
shows a group of values obtained at Residence B on a 
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Section 
Table 4—Flue Losses with Different Thermostat Settings 
SETTING PERCENT Loss No Days Ave Dec Day 
sc | 25.3 4 23 
le/se 27 .6 + 21. 
le | 30.5 7 21 
| 
Table 5—Stack Gas Loss Averages 
THERMOSTAT SETTING $c se/le le 
Rn ci cta cab awec wun 25.2 20 .2 26.3 
Number of Days.......... eae 4 4 7 
Stack Temperature 
Burner Off..... eee he ae a 243 F 183 F 189 F 
Burner On... [ee eer 309 F 385 F 445 F 
Carbon-Dioxide........... ee 4.7% 5.2% 5.3% 
i | 11.8 11.5 11.9 
Flue Gas Losses 
Moisture ...... 7.61 7.91 8.02 
Unconsumed 
Carbon-Monoxide.... 0.70 0.19 0.09 
EE pe er eee 0.78 0.23 0.016 
Ethane. . 1.18 0.12 0.06 
EEE ee ee 0.25 0.27 0.32 
Total Unconsumed.... 2.91 0.71 0.486 
Dry Flue Gas Loss... 14.8 18.2 21.5 
Total Flue Gas Loss.... : E 25.3 27 .2 30.4 
Off-Period Loss...................| 35.0 27.6 25.6 
See GAO. os << Saar Stes 60.3 54.8 55.3 
Gal Fuel per Deg Day.... 0.55 0.50 0.52 











hot water installation over a period of eight days in 
which thermostat D was set for short cycle operation 
with no night set-back. It will be noted that the gallons 
per degree-day were lower as recorded at Residence B 
than the gallons per degree day at Residence A (sc- 
N N S B), however the degree-days were also lower. 
The gallons per degree day per 100,000 Btu net require- 
ments at Residence B were less than Residence 4 with a 
thermostat setting for no night set-back showing some 
increased efficiency in the hot water plant over the warm 
air installation even though the actual flue gas efficiency 
of the burner at Residence B was less than it was at 
Residence A. This may also be explained by a variation 
in the number of degree-days in each case (Fig. 9). 
These data are not to be construed as indicating that the 
hot water plant is intrinsically more efficient than the 
warm air system; for there are several other factors in- 
volved. Actually the hot water installation was more 
efficient than the old converted warm air system used 
at Residence A. 


Night Set-Back 


Relative to the effect of night set-back on oil consump- 
tion Table 2 shows a marked saving in oil consumption 
based on gallons per degree-day for night set-back 
designated N S B. This saving was 7 per cent for short 
cycle operation at Residence B for approximately 22 de- 
gree-days, and nearly 12 per cent for long cycle opera- 
tion at Residence A compared, however, for 28.7 degree- 
days against 35.3 degree-days. Additional saving for long 
cycle operation can be explained by lower off period 
losses. Table 9 shows the effect of night set-back on 
average stack gas temperatures for various types of 
operation, 
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Table 6—Off-Period Losses No Night Set-Back, 20 Degree-Days 








THERMOSTAT SETTING se le/se le 
Ave Temperature T (F)........... 273 185 185 
Velocity of Air (ft per sec)........ 8.2 7.8 7.8 
Volume (cu ft per sec)........... 2 .87 2.73 2.73 
; RE RS amie er 73,600 74,600 73,000 
Volume (cu ft per day)........... 210,000 204,000 199,000 
EC ds ccc sindannces 0 .00086 0.00100 0.00100 
Weight (Ib per day)...............] 11,250 12,700 12,500 
Temperature Difference (T-50 F)...| 223 135 135 
I cis che wee keeene keen 626,000 430,000 423,000 
ots vials dtomaecee 23.0 21.3 21.9 
Fuel (lb per day)........ 92.2 80.5 84.6 
Btu Lost per lb Fuel. ............. 6,790 5,350 5,000 
Per Cent Off—Period Loss......... 35.0 27 .6 25 .6 
Btu Lost per Deg Day.......... 27,200 20,200 19,200 














Table 7—Off-Period Losses No Night Set-Back, 40 Degree-Days 








THERMOSTAT SETTING s¢ le/se le 
Ave Temperature T (F)........... 390 251 192 
Velocity of Air (ft per sec) 9.7 8.1 7.73 
Volume (cu ft per sec)............ 3.40 2.84 2.72 
(5. Ses 41,200 51,000 59,160 
Volume (cu ft per day).......... 140,000 145,000 161,000 
ere 0.00075 0.00090 0.00095 
Weight (lb per day)........... oe 6,550 8,130 9,520 
Temperature Difference (T-50 F)...| 340 201 142 
PE cvecabwennkenguacmae 555,000 410,000 338,000 
Ave Deg Days.... 39.8 40.7 40.7 
Fuel (lb per day). . 181 163 .0 151.0 
Btu Lost per Ib Fuel 7 3,060 2,510 2,240 
Per Cent Off—Period Loss......... 15.8 13.0 11.6 
Btu Lost per Deg Day... 13,900 10,100 8,300 














Table 8—Off-Period Losses No Night Set-Back, 60 Degrees-Days 








THERMOSTAT SETTING S¢ le/se Ice 
Average Temperature T (F).... 465 299 235 
Velocity of Air (ft per sec)... 11.0 9.2 8.4 
Volume (cu ft per sec).... 3.85 3.22 2.94 
Time Off (sec)........ 32,200 43,800 46,200 
Volume (cu ft per day) 124,000 141,000 136,000 
Specific Gravity... .. 0 .00069 0.00084 0.00090 
Weight (Ib per day)............... 5,340 7,400 7,610 
Temperature Difference (T-50 F)...| 415 249 185 
6k Sknekhameaeee 555,000 461,000 352,000 
Ave Deg Days.... 60 .2 62.7 50.3 
Fuel (Ib per day)..... : 193 195 169 
Btu Lost per lb Fuel......... 2,890 2,360 2,100 
Per Cent Off-Period Loss...... 14.9 12.2 10.8 
Btu Lost per Deg Day............ 9,200 7,530 7,000 














*le—50 Deg Days. 


Table 9—Effect of Night 


Set-Back on Stack Temperatures 











NSB NNSB 
Temp F Ave Dec Days Temp F Ave Dec Days. 
Burner of; 
s¢ 213 26.5 273 23.8 
le/se 178 17.0 185 21.3 
le 166 27.0 185 24.0 
Burner on; 
Sc 346 26.5 273 23.8 
le/se 393 17.0 283 21.3 
le 415 27.0 456 24.0 
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Fig. 2—Various thermostat fuel consump- 
tion curves plotted against degree-days 


Flue Loss 


The calculated off period sensible heat loss has been 
shown in Tables 6, 7, and 8 for each of the types of op- 
eration and it is to be noted that they are highest for 
short cycle operation, and lowest for long cycle opera- 
tion. If these latter calculated losses are considered in 
conjunction with the flue-gas loss during the on period, 
The calculated 
losses, however, compare with the results actually ob- 
tained and it would, therefore, seem that off losses as- 
sume a larger value than various investigators have pre- 
These losses are controllable by ap- 


the total loss assumes a high value. 


viously reported. 
plication of air inlet dampers to be shut during the off 
period of the burner, or by use of a boiler flue-gas dis- 
charge damper controlled by the operation of the burner. 
It is appatent from this investigation that much may 
yet be accomplished toward increased economy in the 
operation of oil burning appliances. 

Tables 6, 7, and 8 show calculated off period losses 
considering no night set-back for 20, 40 and 60 degree- 
days respectively. These calculations were based on an 
average gas temperature as shown in the first column of 
the table, on an average outside temperature based on 
the various degree-days, with a total chimney height of 
30 ft, considering an 8 in. flue pipe and with a draft 
based on the calculated average draft over the fire box 
as shown in Fig. 3, where draft in chimney and stack 
was plotted vs degree-days for long, medium and short 
cycling. Fig. 4 shows the calculated stack velocity in 
feet per second vs degree-days for different types of 
thermostat operation. 

It is evident that the off period loss increases inversely 
as the length of the burner cycle, and that the off period 
loss for any one type of thermostat operation decreases 
with an increase in degree-days. This latter condition is 
further shown in Fig. 6 showing thousands of Btu per 
degree-day off period loss plotted vs degree-days. 

Table 9 shows the effect of night set-back on average 
temperatures during the burner off period as well as the 
burner on period. Table 9 is compared for similar 
weather conditions of approximately 20 degree-days. 
Weather conditions at both Residences A and B through- 
out the heating season averaged between 20 and 30 de- 
gree-days per day. 

In an attempt to more closely study the off period 
sensible heat losses Fig. 3 was drawn indicating actual 
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conditions obtainable at Residence A showing variations 
OFF PERIOD 


in chimney draft in inches of water plotted against de- (DRAFT SHORT CYCLE-WNSB 
| CALCULATED. AVE. CONDITIONS 


gree-days for long and short cycling. 

Fig. 4 indicates the average velocity of air traveling 
through the stack during the off period at Residence A 
based on long, medium, and short cycle operation, where 
velocity is plotted against degree-days. Fig. 4 is based =e 
on the draft over the combustion chamber as determined _ 196,000 BTU PER HR. RADIATION. 
from Fig. 3 as well as average temperature conditions 


H,0 


INS. 


lENCY. 


DRAFT 


obtained for short and long cycling for the various de- 
gree-days. 

Actual conditions obtained at Residence B are shown 
in Fig. 5 with no draft adjuster installed. It is to be 





40 10 
DEGREE DAYS 


noted that the combustion chamber draft is higher than 
for Residence A, which was adjusted for 0.02 draft, and Fig. 3—Chimney draft curves for various thermostat settings, 
that the off period losses for Residence B will be higher Off period operation 


than for Residence A. The off period losses as determined 
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conventional stack draft damper is employed. VELOCITY FEET PER SECOND 


Actual draft and stack temperature conditions pre- Fig. 4—Velocity of air in stack for Off period operation with 
vailing at Residence B are shown in Fig. 5 on a 40 de- various thermostat settings 
gree-day (average outside temperature 25 F) with these 
various factors plotted against time in minutes during 
one complete burner cycle. From these curves it is evi- 
dent that a high combustion chamber draft was preva- 
lent for this installation when no draft regulator was 
employed. Although these conditions may not be con- 
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Off period stack temperatures and periods of burner 
operation plotted against degree-days 


Fig. 7- 


greater off period loss with short cycling operation. 

A 7-day chart at, Residence A is illustrated in Fig. 9 
indicating long cyéle operation. From this chart it is 
interesting to note the temperature over-run which oc- 
curred at 2 p. m. on Thursday when the thermostat set- 
ting was changed to increase the temperature from 68 F 
to an average of 73 to 74 F. The temperature actually 
increased to 76 F resulting in a temperature over-run of 
2 F and a further over-run may be noted at 3 p. m. on 
Sunday when a similar condition occurred. 

Fig. 10 shows a 24-hour chart at Residence A of me- 
dium cycle operation. 

A 24-hour chart with short cycle operation at Resi- 
dence B is illustrated in Fig. 11. The length of the 
burner on period is indicated at the outer circumference 
of the chart by a drop in the exterior line drawn by a 
pen actuated from a relay wired to the burner motor. 
It may be noted from this chart that practically straight 
line temperature conditions were obtainable. The devia- 
tions occurring at 8:30 a. m. and at 4:20 p. m. were 
caused by prolonged opening of an outside door. As 
regards human comfort there is little comparison between 
the results shown in Figs. 9, 10, and 11. It is apparent 





Fig. 9—Residence A inside temperatures, LC operation 


Fig. 8—Curves showing flue gas losses for a 20 degree-day 


from the results obtained that short cycle operation gives 
the ultimate in comfort in the room where the thermostat 
is located. Of course it is evident that extremely close 
temperature control at the location of the thermostat 
without proper balance and distribution of the heating 
system may result in unsatisfactory heating at remote 
points. If a system is out of balance it is frequently 
desirable to forego the comfort obtainable in the living 
room or at the thermostat location in order that bette: 
distribution may be accomplished, and in such cases 
longer cycling would have to be resorted to. A thermo- 
stat should not be expected to rectify major heating plant 
faults, but it may assist in their correction, and it should 
be recognized that balanced plants are desirable in order 
that the ultimate in comfort may be obtained with arti- 
ficially heated thermostats. 

Figs. 12; 13, and 14 give a comparison of stack tem- 
peratures for long, short, and medium cycling for 20 
degree-day operation. Fig. 12 shows the stack tempera- 
ture condition existing for long cycle operation, and an 
average outside temperature of 45 F (20 degree-days). 
The stack temperature conditions for short cycle and 20 
degree-day operation are illustrated in Fig. 13. Fig. 14 
shows medium cycling operation for a 20 degree day. 
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Fig. 10—Residence A inside temperatures, LC/SC operation 











Heating - Piping 
Journal 


12 = 





Fig. 11—Residence B inside temperatures, SC operation 





Fig. 12—Residence A stack temperatures, LC-NNSB, 20 degree- 
days. Average temperature: On 461; Off 188 


Morning Overshooting 


The effect of the type of thermostat operation on morn- 
ing overshooting for Residence A using a converted 
forced warm air system is illustrated in Fig. 15. Ona 
40 degree-day for short cycling operation Fig. 15a shows 
no overshooting occurred after a night set-back of 6 F 
ona 17 degree-day, and Fig. 15b shows 1-F overshooting. 
High speed blower operation (increased air circulation, 
and hence less stratification) tended to reduce the room 
temperature variation from 1 to % F as indicated in 
Fig. 15b. Good long cycle operation with only 2 F over- 
shooting on a 25 degree-day, is shown in Fig. 15c, how- 
ever, overshooting as high as 4 F was experienced with 
this type of operation. 

The gas sampling apparatus employed for the de- 
termination of flue gas samples is described in Fig. 16. 
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Table 9 shows the effect of night set-back on stack 
temperatures for a 20 degree-day. The stack tempera- 
ture during the on period averages lowest with the short- 
est cycle, both for night set-back and no night set-back. 
However, the average stack gas temperature is lower 
with no night set-back than it is with night set-back with 
the same outside temperature conditions. Stack tempera- 
tures during the off period of the burner are higher for 
the shortest cycling and are also higher for no night set- 
back than they are for night set-back. 

The higher stack temperatures during the on period 
where night set-back was employed is occasioned by the 
fact that in the morning when the room thermostat calls 
for burner operation to bring the room back to normal, 
the stack temperature rises above its normal conditions, 
thus giving in the 24-hour period a higher temperature 
average for night set-back than for no night set-back. 
This average temperature in the stack does not prevent 
more economical operation with night set-back conditions 
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Fig. 13—Residence A stack temperatures, SC-NNSB, 20 degree- 
days. Average temperature: On 264; Off 264 










ai 





fi 

itt 

tec 
xs 
SS 









wee 
gee 
se 
wae 
SS 









Re 
Z 








‘ 
‘ 


Fig. 14—Residence A stack temperatures, LC/SC—NNSB, 20 
degree-days. Average temperature: On 379; Off 208 
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Fig. 15 — Over- heated thermostats and was to a minor extent dependent on 
shooting and in- degree-days. 

side temperature 9. It was possible to obtain short, medium, or long cycling 
with any of the artificially heated thermostats tested. 

10. The artificially heated thermostats tested were superior 
to the conventional type. 

11. Type G time intervci clock actuated type of thermostat 
compared favorably with the artificially heated type. 

12. Because of decreasing time of as outside temperature 
conditions became colder, greater economy of fuel consumption 
resulted, and therefore oil consumption per degree-day was not 
a constant. 

13. Perhaps the most important conclusion to be drawn from 
this investigation relates to the inherent advantages of short as 
compared to long cycle operation. The tests indicated that short 
and medium cycling resulted in greater room comfort conditions. 
Also because of lower flue gas losses, short cycle operation would 
give the ultimate in economy of operation if present designs per- 
mitted more complete control of off period losses. Medium 

cycling (Close Temperature control within about 1 F 
room temperature variation) will result in but very little 
increased oil consumption and yet affords the maximum 
possible in room comfort. 


' . Acknowledgment 
than with no night set-back, 


due to the fact that the off 
period loss is less with night 
set-back. 

A one week chart (Fig. 17) 
indicates outside weather con- 
ditions. Charts similar to these 
were used to determine the number of degree-days. 


The author is indebted to J. Smith, Research 
Engineer of the Gilbert & Barker Manufacturing 
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Conclusions 


The following conclusions seem to be justified : : ona 
from the results obtained: Sj : a owerre wasn. coe 
— = “ - em - FOR LAB 
1. There was practically no difference between the 
economy of Close Temperature control and that obtain- 
able with conventional ]Vide Temperature operation. 
2. From the standpoint of comfort, Line or Close 
Temperature control obtainable with either short or me- 
dium cycling was more desirable than conventional ther- 


mostat control with its attendant greater temperature Fig. 16—Continuous aspiration method of collecting flue gas 
variation. samples during burner operating period 
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3. The average flue loss for short cycle operation was less 
than medium cycle operation, which was less than long cycle 
operation. The average of period loss for short cycle operation 
was greater than that for medium cycle operation which was 
slightly greater than that for long cycle operation. 

4. It is apparent that if designers of burners and boilers, as 
well as control equipment, concentrate their efforts towards the 
elimination of of period loss, short cycle operation should be the 
most economical. 

5. From the viewpoint of economy there was little difference 
between a 30 in, thermostat mounting and a 5 ft mounting, but 
from the standpoint of human comfort the 30 in. mounting is 
more desirable. 

6. Although unconsumed hydrogen and hydro-carbon loss was 
slightly greater for short cycle than for long cycle operation, 


WA VA 


there was little difference between the two types and the little tee 
Y TRS x S 


WAY . 


difference which existed was more than offset by the lower se 
sensible heat loss during the on period, because of lower tem- 
peratures resulting from short cycle operation. 

7. At the two installations investigated night set-back of ap- 
proximately 6 F resulted in a fuel saving dependent upon the 
type of thermostat operation and the degree-days. In general 
the saving was between 8 and 10 per cent. This is considered 
higher than may normally be expected. 

8. Morning overshooting was least with the artificially Fig. 17—Residence A outside temperature chart 
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Company, Springfield, Mass., for his able assistance 





in performing most of the field work encompassed by 
this report as well as his advice in its compilation. 


The author also wishes to give credit to LaVerne 


Lyon, Research Engineer at the Penn Electric Switch 
Co., for his painstaking care in the preparation of this 


manuscript. 


Appendix A 
1. Off Period Loss 
Assumptions : 
Height of Stack = 30 ft 
Diameter = 8 in. iron pipe 
Draft vs Deg Day Curve 
a. 20 Deg Day, Temperature in Stack = 


273 F sec 


NNSB, 


Draft = 0.015 in. H.O, p = (0.00086) 62.3 (from graph) 














Where: 
2fLpU* Ap= Draft (in. H.0) 
Ast = (’ = Velocity (ft per sec) 
gd p = Density (lb per cu ft) 
gdA\p d = Diameter (ft) 
= ——— D = Diameter (in.) 
2fLp g = 22.2 
s Specific gravity 
2 EE trenerremnnee 2 GEST 
, gd Ap o R lz ser ser ; 
U | . Ss Xelative viscosity 
2fLp f = Friction 
Assume f = 0.0015 
U = ~ (0.015) (32.2) (0.67) 
| 2 (0.0015) (0.00086) (62.3) (30) 
= V 67.3 
=8.21 ft per sec. 
Check friction assumption. 
Ss 
(DU) (- = (8) (8.21) (0.037) = 2.43 
(From graph: f = 0.0016) 
b. Volume per sec = (U) (Area) = (8.21) (ar°) 


(3.14) (4/12)° = 2.89 cu ft per sec. 


c. Volume per day = (2.89) (Time Burner Off) 


(73,600 sec) from stack temp. chart) = 213,000 cu ft 


per day. 
d. Weight per day = Density 
(213,000) = 11,450 lb per day. 


e. Btu per day = (Temp Increase) 








(273-50) (0.25) (11,450) = 640,000 Btu per day. 
Btu perday 640,000 
f. Btu lost per Deg Day = ——— = 
Deg Days 20 
2, On Period Loss 
Data: 
Average Stack Temperature = 192 F 


a. Dry flue gas loss. 
(1) Weight dry flue gas per lb of fuel 
11 CO: + 3 O: +7 (Nz + CO) 
I] = ———______________-___  ( 


3 (CO:+ CO) 
11 (5.8) +8 (10.1) + 7 (82.24 + 0.1) 


3 (5.8 
. 0.0006 
——— == 35 lb per lb of fuel. 
1.833 
(2) Heat lost per Ib of fuel 


0.1) 


0.861 


= W (Specific Heat) (Stack Temp-Temp of en- 
2,980 


tering air) = (35) (0.25) (390-50) 
Btu per Ib. 
b. Loss due to hydrogen in fuel. 
lL, =H X 9 [(212 Tr) + 970.4 + 0.48 (7, 
Where: 


H == per cent // in fuel by weight. 


*+From: Haslam and Kussell, Fuels and Their Combustion 


(Specific Heat) 


(8.21) 


(2.89) 


Volume = (0.00086) (62.3) 


(lb) 


— = 32,000 Btu. 


212) ] 
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A group of sample calculations are included in this 


paper under Appendix A. 


The method of flue gas an- 


alysis used is discussed in Appendix B, and appendix 
C gives the average fuel analysis used in this investiga- 


tion 


£! 











T; = Temperature of entering fuel. 
7’; = Temperature of flue gases. 
Lyn = (0.139) (9) [(212-50) + 970.4 + 0.48 (390-212) ] 
= 1,520 Btu per Ib fuel. 
c. Loss due to incomplete combustion of carbon. 
CO 
LCO = —-————_- XK C X 10,160 
CO:+ CO 
0.1 
= ——— - X 0.139 * 10,160 
5.8 0.1 
= 17.5 Btu per Ib fuel. 
d. Loss due to Methane, Ethane, Hydrogen in flue gas. 
(1) Change per cent by volume to per cent by weight. 
v > 
= ~ = 
a2 SY = oa 
Og 3 5 5 = oo S| 
v= Ss 9 © Oh ; O "OM Cie 
Se Ooo Pa a) a 7 
a nA, s > ’ - ' a 
fx, <— Ma, aS > a - lo 
CO 5.8 44 255.0 
O: 10.1 32 323.0 
1 
[12 0.5 2 1.0 _- - = 0.000345 
2887.8 
CO 0.1 28 2.8 
3.9 
CH. 0.13 30 1.9 -- = 0.00135 
2887.8 
2.1 
CH, 0.13 16 2.1 = 0.00072 
2887.8 
N: 82.24 28 2300.0 
100.00 2887.8 
(% Weight) (Pounds flue gas) (Btu) Btu lost 
(2) ——-————— —— — —_ — — — 
(Pounds fuel burned) Ib Pounds fuel burned 


3. Chimney 


and 


9.6 Btu per Ib. 
5.4 Btu per Ib. 
6.25 Btu per Ib. 


35 < 20,400 — 
35 < 21,600 
35 X 51,700 = 


Ethane 0.00135 
Methane 0.00072 
Hydrogen 0.000345 
Draft 


Draft equals difference in pressure of two equal columns 


of air, one at stack temperature and the other at outside 


temperature. 


Weight 
Pressure =— —-~ 
Area 
Weight = Volume Density 
Wt = Vp 
Wt: = Vp: 
Wt—Wt. Vp—Vpe: 
A A 
vy 


— (p—p:) =H (p p.) 
Z 

Where: H = height in feet 
\t 20 Deg Day sce—NNSB Ave Stack Temperature = 2 
H, = draft in lb per sq ft. 

F off period. Outside Temperature = 45F 
p: = 0.00122 
p: = 0.00085 


p: — p: = 0.00037 
H, = (30) (62.3) (0.00037) = 0.693 lb per sq ft 
= 0,134 in. HO 


> 
o 
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Appendix B 
Flue Gas Analysis: 

Carbon-dioxide, oxygen and carbon-monoxide were determined 
in the usual manner using an Orsat apparatus. The carbon- 
monoxide was then checked by oxidation—slow combustion in 
oxygen in the presence of a glowing platinum coil. The carbon- 
dioxide was absorbed with potassium hydroxide. 

Hydrogen was similarly found by slow combustion in oxygen 
in the presence of a glowing platinum coil. Since the water 
formed was negligible, the hydrogen was equal to the con- 
traction in volume caused by its oxidation. 

Methane and Ethane were also determined by slow combustion 
in oxygen in the presence of a glowing platinum coil. Both 
contraction in volume due to combustion and volume of carbon- 
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dioxide formed was determined as Methane and Ethane were 
present together. 
Appendix C 
Fuel Analysis Per Cent by Weight 
(Table 1, American Oil Burner Association, Handbook of Oil 
surning. ) 


RE bc adinOee nua ceaitebienaadeneweteiesnd 86.1 

err re ee, PT a eT 13.9 

fl i ee ; 1.6 

MEE” cucausvcmenaknass cab eeaemiancasteerns 0.06 
Density: 7.43 lb per gallon. 


19,350 Btu per gallon. 
144,000 Btu per pound. 


Btu Content: 





Award of Lamme Medal 


Announcement has just been made of the award of 
the 1935 Lamme Medal of the American Institute of 
Electrical Engineers, to Dr. Vannevar Bush, vice-presi- 
dent of the Massachusetts Institute of Technology and 
dean of the School of Engineering, “for his develop- 
ment of methods and devices for application of mathe- 
matical analysis to problems of electrical engineering.” 
Presentation of the medal and certificate to Dr. Bush 
will be made at the annual summer meeting of the 
A. 1. E. E., which is to be held in Pasadena, Calif., June 
22-26, 1936. 

Dr. Bush is noted for his achievements in electrical 
research and contributions to technical education. He 
is a native of Massachusetts, where he now makes his 
home at Belmont. In 1913 he was graduated from 
Tufts College and in 1916 he was awarded the degree 
of doctor of engineering from Harvard University and 
Technology. In 1932 he received the honorary degree 
of doctor of science from Tufts College, of which he 
is now a member of the board of trustees. 

Dr. Bush has long been interested in the design of 
analyzing instruments and for one development he was 
awarded the Levy Medal of the Franklin Institute in 
1928. He directed the design and construction at 
M. I. T. of the network analyzer, a device for accu- 
rately reproducing and studying the operating character- 
istics of power networks under satisfactory conditions. 
He has also carried on important studies of transients 
in machines and inter-connected power systems, and is 
known for his contributions to the development of ther- 
mionic and gaseous conduction tubes. 

The Lamme Medal was founded as a result of a 
bequest of the late Benjamin G. Lamme, chief engi- 
neer of the Westinghouse Electric & Manufacturing Co., 
to provide for the annual award of a gold medal, together 
with a bronze replica, to a member of the A. J. E. E., 
“who has shown meritorious achievement in the devel- 
opment of electrical apparatus or machinery.” 

Mr. Lamme made similar bequests to the Society for 
the Promotion of Engineering Education and Ohio 
State University, providing in the former for the annual 
award of a medal for accomplishment in technical teach- 
ing or actual advancement of the art of technical train- 
ing, and in the latter for the annual award of a medal 
to a graduate of the University in any branch of engi- 
neering for meritorious achievement in engineering or 


the technical arts. 


Engineers’ Council for Professional Development 


Thirty-four colleges and universities in the New Eng- 
land and Middle Atlantic States have responded to the 
program of inspection and accrediting of engineering 
curricula, which the Engineers’ Council for Professional 
Development offered to schools granting engineering de- 
grees. Work was begun in these two sections late last 
year and is to be actively continued during the next 
few months, and it is anticipated that the program will 
be extended to include engineering schools throughout 
the United States. 

The accrediting program has for its purpose the de- 
velopment of engineering education by identifying those 
institutions which offer engineering curricula worthy 
of recognition as such. Another objective is to establish 
a list of accredited engineering schools, which it is hoped 
may be uniformly adopted by educational, technical, and 
State organizations. 

Headquarters of the Engineers’ Council for Profes- 
sional Development are at 29 West 39th St., New York, 
a 


Brooklyn Polytechnic Institute Establishes 
Graduate Faculty and Extends Courses 


The establishment of a graduate faculty and the in- 
auguration of courses leading to the degree of doctor 
of philosophy in chemical and electrical engineering 
have been approved by the corporation of the Poly- 
technic Institute of Brooklyn, N. Y., and will be ef- 
fected in the immediate future, according to the an- 
nouncement of Pres. Harry S. Rogers. 

With the addition of the doctorate in two more fields, 
Polytechnic will be enabled to increase its educational 
service, offering engineering study of graduate stand- 
ing at hours suitable to engineers concurrently engaged 
in their professional work. 

The college has provided equipment and facilities for 
research leading to the doctoral dissertation in a va- 
riety of subjects. In the department of chemical engi- 
neering, these include such fundamental unit operations 
as evaporation, distillation and heat transfer, the unit 
processes of organic synthesis, as well as paint and var- 
nish research. In electrical engineering, the college of- 
fers facilities for advanced research in studies of dielec- 
tric properties, transients on lines and in machines, high 
frequency phenomena, and metallic conduction of elec- 
tricity. 








Proceedings of the 42nd Annual Meeting 





AMERICAN SOCIETY OF HEATING AND VENTILATING ENGINEERS 
Chicago, Illinois—January 27-30, 1936 


HE 42nd Annual Meeting of the Society held at 

the Palmer House, Chicago, IIl., January 27-30, es- 

tablished a record for attendance with a total regis- 
tration of 1,266 members, guests and ladies from all parts 
of the United States and Canada. Representatives from 
each of the Society’s twenty local chapters were present 
to participate in the discussions and to attend a meeting 
of the chapter officers. 

Unusually large audiences were present at all of the 
regular business and technical sessions to discuss the Re- 
search Committee Report, the proposed Code for Rating 
and Testing Air Conditioning Equipment, and the pa- 
pers presented on a variety of technical subjects. <A 
delightful innovation that was greatly enjoyed was the 
joint session of the National Warm Air Heating and 
Air Conditioning Association and the Society on Jan- 
uary 29, 

On January 27 the Council attended a luncheon and 
meeting at the Saddle and Sirloin Club, Stock Yards 
Inn, with every member in attendance and then took 
part in the formal opening of the 4th International Heat- 
ing and Ventilating Exposition held at the International 
Amphitheatre. During the five days in which the Ex- 
position was open for inspection, nearly 50,000 people 
viewed the equipment of over 310 various manufac- 
turers. 


FIRST SESSION— 
Monday, January 27, 1936, 10:00 A. M. 


President John Howatt, Chicago, called the 42nd An- 
nual Meeting of the Society to order in the Red Lac- 
quer Room of the Palmer House and outlined briefly 
the various important events of the meeting. President 
Howatt then read his report. 


Report of the President 


A survey of the activities and affairs of the AMERICAN So- 
cliETY OF HeatiInG & VENTILATING ENGINEERS for the past year 
justifies the optimism that is felt by your officers in looking 
toward the future. The reports from the different committees 
of the Society will present a picture of progress and solidifica- 
tion in the year through which we have come that should make 
all have faith in the foundations and structures that have been 
built. 

The most important asset of this Society is its membership 
and while the membership is not large when compared with 
some national organizations, because of the character and in- 
terest of the members, it has an effectiveness far beyond that 
which is accounted for by numbers only. The membership list 
has been revised until today those whose names appear on it 
have a real interest in our success. 

Our finances are on a sound basis with our assets, so liquid, 
any emergency can be met. Expenses have been maintained 
substantially below revenues in order that we may again com- 
mence to build our endowment accounts and provide for future 


security. 


The TRANsSAcTIONS for the years 1933 and 1934 are being 
printed and within a month will be in the hands of the members. 
The publication of these TRANSACTIONS is an obligation the 
Society owes to its members and it is my hope that never 
again will the publication of these valuable records be delayed 
as was the publication of the 1933 TRANSACTIONS. 

Tue GuIvE continues to be of more and more importance in 
the affairs of the Society. It has become the encyclopedia of 
technical information for the heating, ventilating and air condi- 
tioning engineer and the recognized authority in its field. It 
is bringing a great deal of favorable attention and comment to 
the Society as a whole. In addition it has proven to be a 
source of revenue almost every year, with the sales for the past 
year exceeding that of any other. The success of THE GUIDE is 
very largely due to the capable energetic work of our Secretary, 
A, V. Hutchinson, the work of John James, and the work of 
the members of the Society who were selected to form the Guide 
Publication Committee and those who so generously helped this 
committee in the preparation of text material. 

The publication of our papers in the JouRNAL Section of 
Heating, Piping and Air Conditioning has continued to demon- 
strate the wisdom of those who arranged for the original con- 
tracts. Dealings with the publishers have been uniformly 
agreeable and satisfactory since their beginning. 

As conditions in the business field continue to improve and 
our revenues from our publications and other sources increase, 
the president believes we should, as soon as possible, make 
arrangements to reduce the dues of members to $15.00 per 
year. The budget of the Society could even now be prepared 
on that basis, so 1 recommend consideration be given to this 
change in our dues account at an early date. The importance 
of the work in Chapters is recognized and should be supported 
and promoted as far as possible. A reduction in the cost of 
belonging to the Society will make it easier for Chapter groups 
to obtain working funds from their members. 

Our Research program has been maintained as actively as 
finances permitted. Research is one of the activities that has 
made this Society outstanding among engineering organizations 
and should be maintained as extensively as possible. Your 
President believes a definite policy providing that a certain 
proportion of the net profits from THe Gurpe be set aside for 
Research should be established. There should be an extension 
of co-operative Research agreements with other institutions and 
a definite policy of conducting fundamental rather than specific 
Research. Research in the relationship between air environ- 
ment, physiology, pathology; on the relationship between the 
environment and human health and well being. 

I cannot close this message without expressing my gratitude 
to the members in conferring upon me the honor of being their 
Chief Administrative Officer for the past year. Whatever suc- 
cess may have come from my efforts to increase the prestige 
and influence of the Society, to stimulate the interest in Chapters 
and bring about a feeling of friendship and cohesion among 
our geographically wide-spread units has been possible only 
through the friendly co-operation and support it has been my 
good fortune to receive. The real work is done by your 
Council and the regular and Special Committees appointed. It 
augurs well for the future that we are able to draft members 
who give freely of their time and talent in the interest of our 
Society. 

Joun Howatrt, President. 
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The report of the President was recorded and ap- 
proved as read. 

The report of the Treasurer was then introduced and 
was personally presented by the Treasurer, A. J. Offner, 
New York. 


Report of the Treasurer 


Your Treasurer is very happy to report that the treasury is 
in very good condition. As of December 31, 1935 there was a 
balance in all funds of over $51,000 and the market value of 
securities we have amounts to about $20,000, making a total 
of over $71,000. Rather than quoting a lot of detail figures 
which you probably would not be interested in and probably 
would forget as soon as you heard, I would refer those mem- 
bers who are interested in that to the Report of the Finance 
Committee and the certified public accountant. 

A. J. OFFNer, Treasurer. 


President Howatt ruled that if there was no objection 
the Treasurer's Report would be made a part of the 
records and approved as read. 

A. V. Hutchinssin then read the Report of the Secre- 
tary. 

Report of the Secretary 


In this brief description of the work of the headquarters 
office it will show that the Society’s activities increased tremen- 
dously during 1935. A substantial increase in membership was 
recorded, a larger GuipE and a greater volume of sales, pro- 
duction of two volumes of TRANSACTIONS, together with normal 
routine of issuing the monthly JoURNAL, handling memberships, 
accounts, changes of addresses, cotes and other administrative 
matters has required the careful attention of the office personnel 
to handle the innumerable details and meet the demands for 
service. The production of Tir Gurpe required a full nine 
months, the Committee establishing the outline, the reviewing, 
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revising, and editing, before printing, proof reading, binding 
and distribution. The increased demand for this reference 
volume had exhausted the entire 1935 edition by November 1 
and the Guide Publication Committee will report that the 
greatest sale of copies ever recorded came during the past year. 

An enlarged headquarters office was leased this year and if 
Society activities continue at the present pace, these quarters 
will be cramped within another year. 

The tremendous public interest in automatic heating, and air 
conditioning has brought a heavy volume of inquiries to the 
Society’s headquarters which has acted as a clearing house in 
advising of information sources and service. 

The work of the Society to obtain employment for members 
has been actively continued throughout the year with the result 
that many leads have been given to those who needed employment 

Proposed changes in the Society's Constitution and By-Laws 
were voted on by members and new rules for Student Member 
qualifications have been adopted. The result of the voting will 
be announced by the tellers at this session. 

The Roll of Membership compiled for Tue Guipe 1936 
records more than the usual number of changes and members 
are urged to co-operate in keeping the headquarters office in 
formed of changes in location or mailing addresses so that 
Society mail and publications may reach them promptly. 

A net gain in the Society's membership has been recorded 
and a comparison of the status as of December 31, 1934 and 
December 31, 1935 is of interest: 


1935 1934 
Honorary Membership .............. ihe 1 2 
Presidential Members ........... ; 24 23 
Members ..... de Weare whi, ota eveak sh laeler a 1156 


Associate Members 3 
EE 5 Seca kecancendetuacwne .. 216 233 
Student Members 


2044 1850 


Co-operation with Chapters has been stimulated this year 





A.S.H. V.E. Council at Luncheon in the Saddle and Sirloin Club 
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and in many cases subjects and speakers have been arranged 
for by the Society. 

Special attention has heen given to the newly organized 
chapters in Washington, D. C., Oklahoma City and Winnipeg, 
and there is prospect for additional chapters in several other 
cities where local members feel that interest has reached the 
point where a Society organization can function effectively. 

In accordance with custom, the headquarters staff in co-oper- 
ation with the Program Committee and the Local Chapter Com- 
mittees worked out details of the Annual and Semi-Annual 
Meetings. 

It is with genuine pleasure that we acknowledge the co-opera- 
tion given by the Officers, Council members, Chapter Officers 
and Committees, as well as the Research Laboratory who have 
made 1935 a successful year for the Society. 

Acknowledgment should also be made for the assistance of 
the headquarters office for their interest, loyalty and faithful 
performance of manifold duties required to successfully handle 
the administration activities of the Society. 

Respectfully submitted, 
A. V. Hutcuinson, Secretary. 


Mr. Howatt ruled that if there were no comments or 
objections the report would be published as read. 

The Secretary then presented the Report of the 
Council. 


Report of Council 


Since the last Annual Meeting, three meetings of the Council 
have been held to carry on the business of the Society and the 
membership will be glad to know that definite progress was 
made towards strengthening the Society’s membership and its 
financial condition. 

At the organization meeting of the Council held in Buffalo, 
President Howatt announced committee appointments in accord- 
ance with the provisions of the Constitution and By-Laws, the 
appointment of A. V. Hutchinson, Secretary, was confirmed, 
depositories for Society Funds were selected and the Budget 
for 1935 approved by the Finance Commmittee was adopted. 
The Budget estimate indicated total income of $59,633.24 and an 
estimated expenditure of $58,650.00. The report of the Finance 
Committee will indicate that a greater revenue was produced 
and expenditures were proportionately maintained. 

The Council appointed the F. Paul Anderson Award Com- 
mittee in 1935 and the unanimous choice of the Committee 
reported to the Council and approved was that Dr. Arthur 
Cutts Willard, Urbana, IIL, president of the University of 
Illinois receive the F. Paul Anderson Medal for 1935. The 
presentation was to be made by President Howatt at the 42nd 
Annual Banquet, January 29, 1936. 

One of the most important actions of the Council was the 
co-operative movement started by the Council to encourage 
greater interest in Society activities and the means was pro- 
vided for an official delegate from each Chapter to be present 
at this meeting. 

Another significant action was the authorization of an ex- 
change service plan to members in co-operation with the 
A. S. R. E. for the year 1936 and, since the announcement was 
sent out in December, 200 members have indicated their desire 
to participate in this plan. 

To extend the scope of the Society's technical activitiés, John 
W. James joined headquarters office staff in April. 

At the June Meeting of the Society, a detailed report was 
given on the progress of the Fourth International Heating and 
Ventilating Exposition and the Society is indebted to the mem- 
bers of the Advisory Exposition Committee for the splendid 
cooperation that they rendered to the management of the Expo- 
sition, in order to produce the great spectacle which opens today 
at the International Amphitheatre. 

As required hy the Society’s Constitution and By-Laws the 


Council establisheq the dues rate for the year 1936 and 
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announced nominations for five members of the Committee on 


Research to serve for a three-year period commencing in 1936. 

The invitation of the Philadelphia Chapter to hold the Semi- 
Annual Meeting 1936 at Buck Hill lalls, Pa., was approved by 
the Council and announcement has been made that this will be a 
joint meeting with the 4. S. Rk. E. on June 22 to 24. 

Due to improved financial conditions some progress was made 
in changing Society investments in accordance with recommen- 
dations from the Finance Committee, so that practically all 
surplus funds of the Society are now in U. S. Government 
securities as required by the By-Laws. 

During 1935 three new chapters were successfully launched; 
the Council granting Charters for local chapters to members in 
Washington, D. C., Oklahoma City and Winnipeg. 

As required by the Constitution and By-Laws the Council 
confirmed the election of members in accordance with recom- 
mendations of the Committee on Admission and Advancement. 
For the twelve months of 1935, 358 applications were received. 
It was also necessary for the Council to act on the resignations 
of 45 members during the year and to cancel 73 memberships 
in accordance with the By-Laws. 

The Council regrets the death of its first President, Stewart 
\. Jellett and several of its oldest members who joined the 


Christian, R. 


Society over 25 years ago, C. W. Collamore, 
G. M. Getschow and J. D. Small. 

The Society has passed through a year of substantial growth 
and prosperity and the Council wishes to acknowledge the interest 
and cooperation of the various Committees and_ individual 
members who have contributed to its progress in 1935. 

Respectfully submitted, 


THE COUNCIL. 


There being no changes or modifications to the report, 
President Howatt said that it be published as read. 

Report of the Finance Committee was introduced by 
E. H. Gurney, Toronto. 


Report of the Finance Committee 


The accounts of the Society for the year 1935 reflect not 
only the general improvement in business conditions, but also 
the great increase and the particular interest in the field of 
engineering covered by the Society. 

Your Society shows a surplus for its year’s activities of 
approximately $10,000, 
special appropriations: one of $600 for editorial services, and 


which is, however, reduced by two 


the other of $1,500 for the Research Fund. It is recommended 
that this surplus be used for the purpose of restoring the 
Endowment Fund to a figure close to its original proportions. 

After a year of delightful cooperation with your President, 
I find that I am not quite at one with him in respect to this 
matter of fees. True, we had this surplus last year. It is 
however equally true that the budget, which will be presented 
by this Committee to your incoming Council, will show no 
surplus. The growing field of activity to be covered by the 
Society, plus the fact that last year everybody in the Society’s 
employ had to work at almost too high tension, means that, if 
we do our duty, we cannot be sure of looking forward to any 
surplus and immediate reduction in dues and, therefore, in 
my opinion we must not jump to the conclusion that dues must 
be reduced immediately. 

The improvement in revenue for the Society comes largely 
from two sources. One, the collection of dues from member- 
ship which is up from $15,870 in 1934 to $19,438 in 1935. The 
other source is from the publications. Here, there is another 
factor which has worked for improvement in addition to the 
conditions referred to above: namely, in the improvement in 
THE GurpeE itself. 
to $47,309 in 1935. 

In expenditures there are no important modifications that 


This revenue is up from $32,371 in 1934 
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should be commented on, other than that occasioned by the 
increased volume of the publication output. 

Your Committee has seen fit to modify the endowment in- 
vestments of the Society by meeting the new By-Law require- 
ment for government securities in liquidating certain bonds and 
reinvesting. We now have left only one non-trustee security, 
which your Committee recommends that the incoming Finance 
Committee shall also convert to government bonds. 

There is only one phase of the financial picture which still 
shows a discouraging result: namely, the contributions from 
private individuals or companies to Research, either earmarked 
for a specific purpose or for general research. Virtually, some- 
thing over 90% of all contributions received for this purpose 
last year came from one organization and for a_ particular 
project. Having regard to our past record along these lines, 
it would appear that many organizations affiliated with the 
A. S. H. V. E. do not realize or appreciate the value of the 
service which might be rendered them through the Research 
Laboratory and cooperating institutions. 
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Your Committee desires to summarize the balance sheet and 
income and expense statement from the certified copy of the 
accounts audited by Price, Waterhouse and Co., which will be 
filed as a matter of record with the Secretary of the Society. 

There have been numerous modifications in the Society's 
fice methods in the last year inherent to a rapidly growing 
business and the writer would like to record his appreciation 
f the way the staff has taken the extra thrust, including very 
heavy demands on their time. 

All of which is respectfully submitted, 


The Finance Committee, 
E. H. Gurney, Chairman. 
Mr. Gurney then moved the adoption of the report and 


it was regularly seconded and carried and made a matter 
of record. 


BALANCE SHEET* 
AMERICAN SOCIETY OF HEATING AND VENTILATING ENGINEERS 


December 31, 1935 





ASSETS 
GENERAL FUND ASSETS: 
Cash in banks and on hand................ $ 38,441.46 
Cash deposit in closed bank............... 500.00 
Interest accrued on investments........... 61,42 


Investments in marketable bonds at cost 
(Market value at December 31, 1935 ap- 


proximates $11,600.09) ............200. 11,525.31 
Members’ dues receivable........ $17,936.37 
Deduct—Reserve thereagainst...13,500.00 4,436.37 


Owing by advertisers and sundry 
CN RE ee $28,017.53 
Deduct—Reserve thereagainst.. 2,500.00 25,517.53 


Inventories of publications and emblems, at 
OO Oe RN once inedcakiecbesoawhaaws 
Furniture and fixtures........... $ 5,433.9. 
Deduct—Reserve for depreciation 4,314.42 1,119.53 


Library, at nominal value........ poet ated 300.00 
Prepaid expenses ...... ee ee 518.99 
$ 85,171.00 
KNDOWMENT FUND ASSETS: 
eee rere cesoceeeS 5,948.14 
Interest accrued on investments........... 143.00 
Investments in marketable bonds, at cost 
(Market value at December 31, 1935 ap- 


proximates $8,400.00) .......... 17,309.79 


11,918.65 


THE F. PAUL ANDERSON MEDAL 
FUND ASSETS: 
Se SD. Sickevesnetesbadedinnna ..% 1,086.40 
Cash deposit in closed bank .............. 33.22 


1,119.62 
RESEARCH FUNDS ASSETS: 
Endowment Fund Assets: 
NOTIN MIS Fl Silas oa eee bie Sica ~ 443.06 
Cash deposit in closed bank............ 213.53 
656.59 
Unrestricted Fund Assets: 
Cash in bank and on hand.............. $ 5,815.10 
Owing from General Fund on dues col- 
2,363.52 


lected, etc. 


8,178.62 





$112,435.62 


*Accompanying report of Price, Waterhouse & Co., dated January 21, 1936. 


LIABILITIES 
GENERAL FUND: 

Accounts payable $ 6,817.83 
Prepaid dues er 1,624.06 
Owing to Research Fund: 

On dues collected... 


_ 


On dues when collected....... 1,972. ,836.04 


Prior years’ dues of reinstated members, to 
be collected 307.00 


2,400.00 


ne 
a 


Reserves’ for publications 
Fund balances 
At January 1, 1935.. .$41,490.53 
Add Excess of income over 
expenses and appropriations 
for the year ending Decem- 
ber 31, 1935 .. 8,195.54 49.€86.07 
$ 85,171.00 
ENDOWMENT FUND: 
Fund balance at January 1, 1985— 
a eee ere $16,686.13 
Deduct Loss on sale of invest- 


EE Jean 40 _ 3 85 $16,363.28 





980.84 


628.17 


Unexpended income $ 
Add—Interest on investments. . 


$ 1,609.01 
Deduct—Appropriation to Re 


search Fund 662.50 946.51 


17,309.79 
rHE F. PAUL ANDERSON MEDAL FUND 
Fund balance at January 1, 1935: 


PURRONEE da vcduecdcsusindcactetances .8 1,000.00 


Unexpended income Tee 96.01 
Add—lInterest on bank deposit. 23.61 119.62 
1,119.62 
RESEARCH FUNDS: 
Endowment Fund: 
PE ccs sedanasenbeeneen $ 600.00 
Unexpended income, january 1, 
1935 .. ° , 46.94 
Add—Interest on bank deposit 9.65 56.59 


656.59 


Unrestricted Fund: 
Balance, January 1, 1985. .....ccseceees $ 7,484.18 
Excess of income over expenses for the 
year ending December 31, 1935 694.44 
8,178.62 


$112,435.62 
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Statement of Income and Expenses and Appropriations Year 
Ending December 31, 1935 
AMERICAN SOcIETY OF HEATING AND VENTILATING ENGINEERS 


GENERAL FUND 


Income: 


Current year dues - $30,649.92 

Deductions as provided in By-laws: 
Members’ subscriptions to JOURNAL......... $ 4,146.73 
Contributions to Research Fund—40% of dues 
of Members and Associate Members only.. 


a) 


11,145.28 15,292.00 





Prior years’ dues collected from reinstated mem- 


BE. scnddth dick ona a en ake heen kanes 144.00 
eB er ee er er 12,800.04 
Interest on investments and bank deposits...... $ 985.94 

Less—Loss on sale of investments.......... 931.69 54.25 
Office furniture—Profit on sale............+00% 71.50 


Publications: 


Sales (net) of GuipeE—1935 edition.. . $21,941.72 


Guipe advertisements—1926 edition......... 25,367.93 
ee ee er 156.20 
Sales of reprints, books and pamphlets...... 250.39 47,716.24 
PEAOOSOON BRONNND 44006 c recess cadegesnese 99.37 
lu iedbbedeatues $76,243.33 
Expenses: 
Publications: 


Guipe 1986 edition—Printing, binding and 
distribution, including provision of $12,500.00 
NE civcna cit cnea nd ddwedeadaeaseaneen $26,758.59 


Guipe 1935 edition—Distribution, etc....... 4,667.54 
TRANSACTIONS 1933 and 1934 editions—addi- 
tional provision for publication............ 966.02 


edition—Provisions for 


TRANSACTIONS 1935 





PURTORER ccc ecccccccescccsesecessoceses 3,000.00 
Year Boox—Printing, etc. including pro 
vision of $700.00 therefor................ 1,021.61 
Cee, “GER, kk kc cca newesessccecce 57.28 $36,471.04 
PNR cen aceekd wdcekannenseeneneeeeee nemenn $13,194.00 
Pee... . cc ende deat ebucsseeeenennes 2,583.37 
EEC LOT OEE E CT ET Tree Tee ETE ee 1,941.92 
No din.p5006-00056 200060060 8486600300 e008 824.60 
Chapter meeting allowance ...........eeeeee8s 1,000.00 
EN ES A nr eee eee 1,063.39 
Pe 5 aT eee re TeeT Tee rey cre 951.89 
GHUGUEE PENNS ccc ccccccccavensececcseoeses 400.00 
is sn teed setuds seeheereuwane 374.67 
Telephone and telegraph ........ccsccceccecces 791.31 
SS IO noc encase senewiesoeedceenoesne 417.43 
ee ee MPPECTTT CLEC CCTT CLT ETT Oe §55.01 
EE ENE Pee EO OE er eee Se 240.21 
 \-. on cdeew de ikseieeis ee euee tens eked 353.31 
Professional fees ....cccccccccese aia esas 500.00 
Depreciation of furniture and fixtures........ 534.97 
Provision for doubtful accounts................ 3,490.55 
PD. vcnenucsedadeueteeseonsecenees 250.11 29,476.74 
SOME GUBGREEE 6066 00sceeveessstecseve $65,947.78 
Excess of income over expenseS..........e-+++5 $10,295.54 


Special appropriations authorized by Council: 
% 600.00 


ee ee. oi eee ree eke b eke eee 
1,500.00 


For Research Fund 2,100.00 





Excess for year of income over expenses and appro- 


priations—General Fund ........cccceseeceeees $ 8,195.54 


The Membership Committee Report was presented by 
F,. C. McIntosh, Pittsburgh, Pa. 


Report of Membership Committee 


Probably due to the change in the times, the work of this 
Committee has been unusually easy and agreeable during the 
past year. Following the idea of President Howatt, and the 
general thought that a Society like ours should not expand too 
rapidly, we have conducted no membership campaign. We have, 
however, developed and maintained a card file of men who might 
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be eligible. 
learned from any source that a man was in the field of heating 
or air conditioning, a card was prepared for him and put in 
the file, where it remained until an application was received, 
or until we had definite reason to believe he was not interested. 


This now consists of over 1700 names. When we 


Each of these men has received at least one letter from us. 
in most cases, the first letter was one briefly mentioning the 
Society and its purpose, with a request for reply as to whether 
or not the recipient was interested in receiving further informa- 
tion. If the answer was affirmative, a second letter was sent 
out with full details of the advantages and obligations of mem- 
bership. If this letter was not answered, a follow-up was sent 
to ask if any more information was desired. As an indication 
of the value of this system, we report that about 40 per cent 
of the members elected during the year had been listed. 
those who were sent our initial letter, 
Of these replies, three per cent 


Fifty 
replied—a very good response. 
indicated definite lack of interest, and their cards were removed. 
Some reported an intention to apply for membership later, but 


per cent of 


an inability to do so at the time, for financial or other reasons. 
The file card was marked accordingly. 
Members elected to the various grades during the calendar 


vear 1935 are as follows: 





NS Rc ah ll 127 
MS a Nn gc at ak ia is Sela oie ae 79 
IN ites ety ere td sc Sais an cg hake ete eae NDE ik cto 55 
Da pate a afialta tA wiih eral ei le at alia a 91 

a i ta alte gS he Bek ee ee ee 352 


By the twentieth of this month, the Council was voting on 
approximately forty more. 

Although the general growth for the year was healthy, the 
outstanding membership event was the receipt of applications 
for four new Chapter Charters. Three of these have been 
granted; one for Manitoba, Canada, one for Oklahoma City, 
Okla., and one for Washington, D. C., and the fourth, from 
Baltimore, is under consideration. There is a great deal of work 
to be done by a local group in forming a chapter and it is often 
largely assumed by a few men. The Society is particularly in- 
debted to Colonel W. A. Danielson for the large District of Co- 
lumbia Chapter; to Professor E. F. Dawson, and to F. X. 
Loeffler for the Oklahoma group, to C. H. Turland for the 
second Canadian Chapter, and to J. E. Seiter for the proposed 
application from Baltimore. 

It is our belief that our Society’s healthy growth in size 
and in influence, is best promoted by formation of additional 
chapters, and we hope that in the near future, this action, can 
be taken in such districts as Atlanta, Dallas, Denver, Indianap- 
olis, Montreal, New Orleans, Omaha and San Francisco. 

In considering growth, this committee has always tried to 
keep in mind the fact that mere increase in numbers leaves 
much to be desired. Every man elected who is more valuable 
to us than our present average member, raises the standing by 
a certain amount, and just as truly, every man elected who is 
below this average, lowers it. It is quite possible that the best 
result would be obtained by limiting our membership to a certain 
maximum number, for a determined period. Such action would 
discourage the promiscuous solicitation of members and encour- 
age the selection of the best men. 

From the viewpoint of our membership work, we respect- 
fully submit the following recommendations to our successors 
and to the Society as a whole: We recommend: 

1. That additional chapters be formed just as rapidly as 
possible, wherever and whenever the membership is sufficient. 


2. That the National Organization take a greater interest in 
the Chapters, especially the younger ones, and that this interest 
be expressed through a special committee, similar to the former 


Chapter Relations Committee. The re-establishment of the 
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meeting of the Chapter Representatives, and the efforts made to 
promote the attendance of Chapter Officers at this Annual Meet- 
ing are steps in the right direction, but something more should 
be done. 

3. That the Chapters, in their regular sessions and their 
committee meetings, give more consideration to the affairs of 
the National Organization. One result might be the better 
preparation of the Nominating Committee members. 

4. That for the reasons mentioned in the body of this report, 
a limit be placed on the number of Student Members and 
another limit on the total of other members elected, regardless 
of grade, and that the time and figures for these limits be set 
by the Council. 

The reader takes this occasion to remark parenthetically, and 
gratefully, that this has been by no means a one man committee. 

Membership Committee, 
JoHN CASSELL, 
W. A. RUSSELL, 
F. C. McIntosu, Chairman. 

President Howatt then briefly commented on the Re- 
port of the Membership Committee and indicated that 
certain of the recommendations outlined were worthy of 
careful consideration and would be referred to the Coun- 
cil for further action. 

The next committee report was presented by the chair- 
man of the Meetings Committee, Albert Buenger, St. 
Paul, Minn. 


Report of the Meetings Committee 


The functions of the Meetings Committee during the past year 
have been carried out as provided for in the By-Laws and re- 
sulted in the presentation of the papers at the Summer Meeting 
at Toronto in 1935 and at the 42nd Annual Meeting here in 
Chicago this week, which papers are a matter of record. 


After a slow start the Committee finally got under way and 
with the invaluable help of Mr. Hutchinson the program for 
the Toronto Meeting was assembled. 

After the Summer Meeting, papers began to come in and 
the notice sent out by the Secretary seemed to stimulate the 
production of papers. By the early fall it was evident that 
sufficient papers would be available for the Annual Meeting. 

At the suggestion of President Howatt one of the papers 
from the Research Laboratory was circulated among the 
Chapters for presentation and discussion. From the reports we 
have received and from the experience in our own Chapters, 
it was evident that this arrangement proved to be very popular 
as well as profitable. We would seriously recommend that this 
arrangement be continued in the future. 

One of the problems which presented itself during the year 
concerned the production of research papers. We should like 
to quote from a letter received from the Chairman of the Re- 
search Committee : 

“I agree with you that the idea of having a research paper 
ready in time for discussion by the Chapters in the Fall is a 
good one. The only trouble with this is that the men doing 
the research are continuously being pushed to get out papers 
ready for the meetings. The result is that they are forced 
to work right up to the deadline in order to get in under the 
wire. This pressure I am afraid is sometimes going to lead to 
the presentation of half-baked results.” 


At the end of the year some papers have accumulated which 
can be presented at future meetings. We would therefore 
recommend that a policy be established to have at all times 
enough papers on reserve to prevent the crowding of the 
Research Laboratory staff and the last minute scramble for 
papers. 

In closing we want to express our appreciation for the 
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material assistance of A. V. Hutchinson and the staff at the 
New York office rendered in carrying out the work of the 
Committee. 

Respectfully submitted, 


Meetings Committee, 
F, E, GIesecke. 
O. W. Orr. 
ALBERT BUENGER, C/.airman. 


President Howatt declared that this Committee report 
should be included in the Proceedings of the meeting. 

Prof. A. P. Kratz, Urbana, Ill., chairman of the Com- 
mittee on Research, was then introduced and abstracted 
the Report of the Committee on Research with a few 
brief comments to amplify the important projects. (Com- 
plete Report of the Committee on Research appears in 
the February, 1936, Journal Section, Heating, Piping & 
Air Conditioning). 

The report of the Guide Publication Committee was 
then presented by the chairman, Prof. G. L. Larson, 
Madison, Wis. 


Report of Guide Publication Committee 


The Guide Publication Committee has incorporated in the 
14th edition of THE GumpE many new and important additions 
to the Technical Data Section which extends its usefulness to 
all who are interested in the professional art of heating, ven- 
tilating, and air conditioning. 

The original conception of the founders of THe Guipe has 
been carefully protected in this new volume so as to maintain 
its continued role as an authoritative and unbiased presentation 
of long established as well as newly recognized scientific stand- 
ards of the profession and allied industries, 

Because of increasing demands from various users of THE 
GUIDE, and because of increased application of air condition- 
ing and cooling to all types of industrial processing and comfort 
installation, four new chapters have been added to the Technical 
Data Section on the subjects of Refrigeration, Drying, Electric 
Motive Power, and Railway Air Conditioning. 

In addition to this new material, all of the previous chapters 
have been carefully checked and reviewed, and in some cases 
the text has been completely rewritten. Information on unit 
heaters, ventilators, coolers, and air conditioners has been 
correlated in one chapter and completely revised. New tables 
of saturated water vapor, monthly degree day values, and a 
list of maximum city water main temperatures for over 250 
representative cities in the United States and Canada are 
included. 

Other chapters which have been amplified with much new 
material are: Cooling Methods, Fans, Industrial Exhaust Sys- 
tems, Automatic Fuel Burning Equipment, Radiators and Gravity 
Convectors, Piping, Fittings, Welding, Water Supply Piping, 
Water Heating, Electrical Heating, and Air Conditioning for 
Industrial Processes. 

Basic and fundamental data which have been added to THE 
Guie each year since its inception in 1922 have been retained 
with additions from research sources made necessary by the 
progress of the heating and ventilating art. 

The Problems in Practice which were a major innovation of 
the last edition of THe Gume have been retained with new 
and practical examples to expand and amplify the text matter 
of each chapter. Over sixty new illustrations, curves and 
charts have been added which enhance the value of the descrip- 
tive text material. 

In connection with the Manufacturer’s Catalog Data Section, 
the Committee has made a more determined effort to carry out 
the original conception of having the descriptive material as 
free as possible from comparative statements and superlative 
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terms, and to present therein such condensed technical informa- 


tion concerning modern equipment as will be of practical value 


to the user of THE GUIDE, 

In general, the manufacturers have cooperated fully to make 
their data useful, informative and serviceable, so that the user 
can apply it effectively in the selection of materials or equip 
ment to be used in general design. 

The Committee appreciates the aid of those far-seeing manu- 
facturers who have assisted in this cooperative enterprise to 
advance the art of heating, ventilating, and air conditioning 
which so vitally affects the comfort, happiness and health of 
everyone. In 1936 it will be possible to distribute Tue Gurpe 
to more than 12,000 users; and it is extremely gratifying that 
a greater number of manuiacturers recognize the effective serv- 
ice rendered by this reference volume, and have increased their 
advertising space in order to carry the story of their products 
in greater detail to the thousands who use this book. 

In summary, THe Gutpe 1936, compares with the previous 
edition as follows: the Technical Data Section has been in- 
creased 86 pages; Catalog Data, 40 pages,; Roll of Membership, 
6 pages; and Frontispiece and Preface, 2 pages; making a total 
increase of 134 pages. The net sales of THE GuipE 1935 was 
$21,941.72 and the income from 1936 GuIpE advertising contracts 
was $25,367.93. 

In behalf of the members of the Society and the profession 
at large, the Guide Publication Committee gratefully acknowl- 
edges the cooperative efforts of the following individuals who 
have given so generously of their time to the development of 
this 1936 edition: 


T. N. Adlam H. F. Hutzel C. Z. Rosecrans 

J. J. Aeberly C. F. Kayan J. O. Ross 

O. W. Armspach R. T. Kern S. I. Rottmayer 
C. L. Arnold R. E. Keyes Prof. F. B. Rowle; 
C. M. Ashley Prof. V. O. Knudsen S. S. Sanford 

W. R. Beattie J. W. Kreuttner Prof. W. M. Sawdon 
E. H. Beling C. H. Lankford Prof. L. E. Seeley 
J. L. Blackshaw L. L. Lewis C. G. Segeler 

M. G. Bluth Prof. Axel Marin H. C. Sharp 

C. A. Booth T. A. Marsh J. D. Smith 
Albert Buenger H. C. Murphy A. E. Stacey, Jr 
W. H. Carlton Prof. D. W. Nelson B. Steele 
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Sabin Crocker 


D. N. Crosthwait, Jr. 


J. M. DallaValle 
John Everetts, Jr 
J. W. Hertzler 

E. L. Hogan 


P. Nicholls 
R. F. Norris 
A. J. Offner 
O. W. Ott 


J. S. Parkinson 


G. C. Polk 


D. J. Stewart 

C. A. Thinn 

W. D. Turnbull 
G. H. Tuttle 

J. H. Van Alsburg 
H. A. Wagner 





J. H. Holton FE. C. Rack A. R. Walker 
F. C. Houghten H. G, Rappolt W. K. Walker 
Prof. C. M. Humphreys Prof. T. F. Rockwell Prof. C. P. Yaglou 


The cooperation of A. V. Hutchinson, Secretary, and John 
James at the headquarters office who assisted in the preparation 
of THe Gwupe was of invaluable help to the Committee. 

The Committee has released this 14th edition of over 12,000 
copies with the sincere hope that it will receive the same 
generous reception that was accorded its predecessors, and that 
users will find it the most valuable reference volume in their 
library. 

Guide Publication Committee, 


G. L. Larson, Chairman. 


Report of Committee on Proposed Standard Method 
of Rating and Testing Air Conditioning 
Equipment 


President Howait introduced W. E. Stark, Cleve- 
land, O., Council member and chairman of the com- 
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mittee who represented the Society in the preparation 
of the proposed Standard Code for Rating and Test- 
ing Air Conditioning Equipment, sponsored — by 
i. .3. tes Be 

Mr. Stark presented a brief abstract of the code. 

This Code which is now being reported on is already well 
known to those members of this Society who are also members 
of the American Society of Refrigerating Engineers or to those 
who are members of some of the other sponsoring organizations ; 
but to those who are members of the AMERICAN SOCIETY OF 
HEATING AND VENTILATING ENGINEERS only, it may need an 
introduction. A brief outline of its history will be given. 
At the 1930 Spring Meeting of the A. S. ®. E., a discussion 
of condensing unit ratings led to a Committee being appointed 
tc consider a modification of the Standard Ton of Refrigera- 
tion as applied to mechanical condensing units. This committee 
grew in 1931 into a joint committee, composed of representatives 
of A. S. R. E., R. M. A., and N. E. M. A. This joint com- 
mittee met during each 4. S. Rk. E. meeting in 1932 and 1933. 

At the suggestion of the Rk. M. A., in 1934 the scope of the 
joint committee was extended to include the rating and testing 
of air conditioning equipment. At the December, 1934 meeting 
of the d. S. k. E. Council, this Committee presented a report 
on a Standard Method of Kating Mechanical Condensing Units 
which was approved for a period of a year by that Council and 
also approved by Fk. M. A. and N. E. M. A. 

In January, 1935 the 4. C. MW. A. was invited by the spon- 
soring society, A. S. Rk. E., to appoint three representatives to 
the Committee and a short time later our Society was invited 
to participate. We were first represented at a meeting in July, 
1935 by John James and then at a meeting in September, 1935 
hy a Committee composed of F. H. Faust, C. W. Walton, Jr., 
and W. E. Stark. In September, 1935, the two codes produced 
by the Committee, relating respectively to mechanical condensing 
units and to air conditioning units were approved by the A. S. 
R. E. Council and later by the R. VW. A. and A. C. M. A. In 
December they were approved by the 4. S. R. E. at its Annual 
Meeting and also by our own Council. 

As the Code on condensing units stands at present, units are 
rated in four groups, or have four ratings, each at a different 
evaporator temperature; one of which is appropriate to air 
conditioning work. 

Crank case and condensing water temperatures are also stand- 
ardized. According to the Code the performance of a _ unit 
involves the determination of: 


1. Refrigerating capacity in Btu per hour. 
2. Power consumption in watts. 
3. Water consumption in gallons per hour. 

The Code describes in great detail several recognized methods 
of testing condensing units, which are classified as primary tests 
and confirming tests. Primary test methods are those in which 
the refrigerating effect is measured directly, while confirming 
test methods are those which depend upon the properties of the 
refrigerant and require very exact knowledge of its thermo- 
dynamic characteristics. The allowable deviation between 
primary and confirming tests is so small as to invalidate any 
confirming test in which there is much uncertainty about the 
properties of the refrigerant. . 

The Code on Rating and Testing Air Conditioning Equip- 
ment is the one that is of direct interest to Heating and Ven- 
tilating Engineers, and is the one that we are concerned with. 
By definition its scope is to prescribe the methods of rating and 
testing air conditioning and air treating units of the forced con- 
vection type. Seven bases of rating are set forth, as follows: 
(a) Comfort cooling with volatile refrigerant. 

(b) Comfort cooling with non-volatile refrigerant 


(c) Commercial cooling with volatile refrigerant, 
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(d) Commercial cooling with non-volatile refrigerant. 
(e) Heating with steam. 

(f{) Heating with liquid. 

(g) Humidifying. 


Items which shall ke included in the rating are prescribed 
and test methods are described in detail. There are two per- 
missible test methods; one employing a receiving chamber with 
impact nozzle, which is according to the principle incorporated 
in the A. S. H. V. E. unit heater testing code; and the other 
employing a receiving chamber with static nozzle. Anemometer 
tests are not recognized. 

The concluding part of this Code 1s a set of definitions per- 
taining to such things as appliance designations, system designa- 
tions and definitions of various air conditioning effects. They 
will be found to be in agreement with the definitions recognized 
by this Society. 

This Code does not set up any new air conditioning standards, 
such as standards of design and performance of air conditioning 
systems. It merely sets forth certain things that are to be 
included in the ratings of air conditioning units and prescribes 
how those things are to be determined. They are of interest 
to the Heating and Yentilating Engineer in that they prescribe 
certain standard ways of determining and expressing the quan- 
titative data that he needs if he is to make an intelligent 
selection of equipment. They insure that every equipment manu- 
facturer’s performance facts are learned by the same methods 
and expressed in the same language. 

This Society did not directly have a great deal to do with 
the preparation of this Code. The work was practically com- 
pleted before we had any representation on the Joint Committee. 
However, we were in effect represented practically from the 
beginning, in that several of the representatives of other organi- 
zations are active members of our own Society. The code 
represents the combined efforts of the leaders in the industries 
which manufacture the articles that we specify and purchase, 
and merits a trial on our part. The time is not yet ripe to 
make it one of our standards, for we need to see it used and 


to observe its effects. 


A lengthy discussion then followed which was partici- 
pated in by C. V. Haynes, Philadelphia, Pa., Prof. G. L. 
fuve, Cleveland, O., and S. R. Lewis, Chicago, Ill. Prof. 
\W. M. Sawdon, Ithaca, N. Y., moved that the Society 
receive the report and approve the work done to date. 
The motion was regularly seconded and when presented 
to the members for a vote was unanimously carried. 

W. T. 


the Tellers as follows: 


Jones, Boston, Mass., presented the Report of 


Reports of Board of Tellers 


The votes cast for Ofhcers have been tabulated by your 
Board of Tellers with the following results: 


President—G. L. Larson................. i cali Sice ol wikra one 
First Vice-President—D. S$. Boydea.... Napetates Sea tese ee 
Second lVice-President—E. H. Gurney....... errr re 487 
Treasurer—A. J. Offner....... silat aca tNU oe eats ee 


VWembers of the Council—Three-Year Term: 


ee Os NO 5 SO Cuk oc i awkouted snare man .488 
>. os.. OA 45... ’ ; «08S 
W. L. Fleisher .... : ee ee .488 
C. Mi. Hepes ......<5. .488 


Scattering votes were recorded for Messrs. H. H. Angus and 


J. M. Frank. 
The votes cast for Members of the Committee on Research 
have been tabulated by the Board of Tellers with following 


results: 


NI 
uw 


Three year term 


Wes Fas ERIUIOO none wdcaecc’s 188 
i a re e coe site 
D. W. Nelson ......... i ' ee ..488 
C. Tasker ... ee gh te 188 
C.-E. A. Winslow hie ; Pease ddweuwees 185 

Total number of legal votes cast. _ Salas 188 


Respectfully submitted, 
R. H. CARPENTER, Chairma: 
R. W. RopMaAn. 
W. Watcter TimMis. 

President Howatt then stated that in accordance with 
this report the candidates for various positions in this 
Society were declared elected to their respective posi- 
tions and installation of officers would take place on 
January 30. 

W. T. Jones read the result of the ballot on Constitu- 
tional Amendment which referred to a lowering of the 
age of Student Members to 18 years to satisfy the re- 
quirements of a few colleges. The votes cast for Amend- 
ments to the Constitution and By-Laws have been tab- 
ulated by the Board of Tellers and the following are 
reported : 


Art. C-I] Sec. FF . sean .445 yes, 15 no 
Art. C-III Sec 4.... ee 139 yes; 21 no 
Total number of votes cast. 500 


Total legal votes casas cain saree .. 460 
Respectfully submitted, 
R. H, CARPENTER, 
R. W. RopMan. 
W. WaLter TIMMIS. 
According to Report of the Tellers President Howatt 
ruled that the Amendments to the Constitution and By- 
Laws were passed and would be effective with the reg- 
ular constitutional procedure of adoption. 
The first session adjourned at 11:55 a. m. 


Chairman 


SECOND SESSION— 
Tuesday, January 28, 1936, 9:30 A. M. 


The second session of the Society’s Annual Meeting 
was called to order by President Howatt who introduced 
J. H. Milliken, Chicago, president of the Illinois Chap- 
ter and general chairman of arrangements for the meet- 
ing. 

Mr. Milliken extended greetings and spoke of arrange 
ments for the various entertainment functions during the 
week. 

President Howatt responded with the assurance that 
all of the educational and social needs of the members 
present had been adequately provided. He emphasized 
the fact that friendliness had been the keynote of the 
administration and the committee that the 
planned arrangements indicated that the spirit of friend 
liness would permeate the atmosphere of the entire 


assured 


meeting. 

President Howatt indicated that funeral services for 
George V, King of England, were being held on that 
morning throughout the entire British Empire by proc 
lamation of King Edward VIII. As a tribute and out of 
respect to the forty Canadian members present he sug 
gested that the assembly rise and remain standing for 
one silent minute. All of the members then rose and 
stood in silent tribute to the late King George V of 
England. 

The meeting was honored by the presence of Edward 





Heating - Piping 
aiAir Conditioning 


160 


KNOW 


what’s happening in 
your plant and processes 


Guessing is unreliable. Often dangerous. Whether 
you are conditioning air, heating a building, con- 
trolling processing or checking humidity, you 
should know what results you are securing. 
Bristol's instruments will tell you. Write for the 
particular bulletins in which you are interested. 
Also, get a copy of Bulletin No. 435 describing 
the complete Bristol's line. 


THE BRISTOL COMPANY, WATERBURY, CONN. 
Branch Offices in Principal Cities. Canada: The Bristol 
Company of Canada, Ltd., Toronto, Ontario. England: 
Bristol's Instrument Co., Limited, London, S. E. 14. 





Flow Meter 
For indicating, recording, controlling, integrating 
flow of steam, air, gases, liquids. A rugged, reasonably- 


priced mechanical flow meter that under severe field 
conditions can be counted on to give precision meas- 
urement. Compensates for line pressure, records rate 
of flow, line pressure and temperature. Bulletin 425. 


Metameter 


For telemetering pressure, liquid level, temperature, 
motion. Twelve-inch chart at headquarters records 
instantly every fluctuation in steam pressure, voltage, 
or level occurring a few feet or a thousand or more 
miles away. Simple two-wire circuit or existing tele- 
phone line. Bulletin 424. 








Electric Indicating Thermometer 


fear} For taking temperatures at any number of 
distant places. Indicates temperature with 
precision accuracy. The measuring elements 
or resistance bulbs are interchangeable. 


fay 
— Bulletin 997. 


Full Floating Free Vane Air-Operated 
Recorder Controller 


Device utilized for effecting temperature or pressure 
control floats from one position to another. It does no 
mechanical work. It encounters no resist- 
ance or friction. Indications are accurate 

— There is no distortion. Catalog 4001. 


Synchro Automatic Control Valve 


Diaphragm operated, V port balanced type. For a given 
air pressure on the diaphragm top, position of the valve 
opening is the same, whether pressures are rising or 
falling. There is no friction loss. Response is instan- 
taneous. Bulletin 938. 








Thermo-Humidigraph 


Or direct reading temperature and relative humidity 

recorder. Eliminates calculation and use of humidity f 

tables. Eliminates personal errors. No water or fan } 

required, Accurate below freezing temperature. Light Y 

porrabie case of corrosion-resisting materials. “d 
ulle tin 413. 


Recording Absolute Pressure Gauge 


As easy to read as a clock. Furnishes continuous 24 
hour record of absolute pre isure automatically cor- 
rected for barometric variations and temperature 
changes. Supplied for ranges as low as 0 to 50 
millimeters head of mercury column. Bulletin 401. 








Fully Compensated Liquid-Filled Thermometer 


Charts accurately the temperatures to which the sensi- 
tive bulb is subjected. Neither a long length of 
connecting tubing nor disturbing temperature condi- 
tions along the tubing can impair its precision 
performance. Bulletin 1002. 





TRACE MARK 


BRISTOLS 


REG. U.S. PAT. OFF. 


PIONEERS IN PROCESS CONTROL SINCE 1889 
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humidity of 35 per cent or more is maintained. These cold 
suriaces inciude the windows, when single glass 1s used, and 
the metal framework of certain types of windows. To serv: 
as an index as to what may be expected with single an 
double windows with varying outside temperatures, and cer 
tain indoor humidities, the designer is referred to th 
AS HVE. Guide. The designer of air conditioning equip 
ment should, at all times, provide means for the preventio: 
or disposal of condensation from the conditioned air, withi 
the occupied spaces 
SECTION 6. 

Minimum Design Temperatures and Humidities for Cool- 

This standard involves two frequently encountered con 


ing 
ditions. A plant which answers one of these conditions may 
fail to meet the other. Therefore, the designer, in order 


properly to protect the owner, should be assured that the 
plant shall have capacity to meet both conditions 
SECTION 7. 

Infiltration and Leakage—In the practical application oi 
the information contained in the A.S.H.V.E. Guide, simplified 
data based upon the same, approved and published by an 
accredited organization, if used in calculating values for de 
sign purposes shall be considered as fufilling the require 

(See last paragraph.) 

SECTION 8. 
Design Load Calculations— 
(a) 1—Suggested reference, see last paragraph. 


ments of the Standards. 


(a) 2—See Section 7. 

(b) 1—Suggested reference, see last paragraph. 

(b) 3—Suggested reference, see last paragraph. 

(b) 4—For convenience, a table giving the approximate 





amount of heat in Btu per hour, dissipated by human beings 
at 70 F, is listed below: 


Activity Sensible Latent Total 
aR t eran ec easy Bee ear 310 105 415 
Ee ee a eee Cee 290 248 538 
SII © ing ac dng dn whe ew ik oe a 400 400 800 
IE 6 on ip d we Gide 6 wherinee bik we 650 850 1500 
I ee ta 470 530 1000 


To show the variation in moisture content in the relation of 
changes in dry bulb temperature, a table follows: 


Sensible Latent Total 
Room Heat Heat Heat Grains 
Dry Bulb Btu Btu Btu Moisture 
Temp., F Per Min. Per Min. Per Min. Per Min. 
70 5.12 1.58 6.70 10.90 
75 4.50 2.15 6.65 14.80 
80 3.74 2.86 6.60 19.70 


(b) 5—Heat from appliances, illumination, small motors 
and similar equipment, may be determined from tables and 
data approved and published by an accredited organization 
A properly determined load factor may be used in these 


SECTION 9. 
Design Allowance for Shading from Sunshine—A letter to 
the owner indicating that a reduction in capacity has been 
made, due to an allowance for shading, shall be considered a 


calculations. 


proper notification. 
SECTION 10. 

Design Air Quantity—(a) A fundamental in every design 
of air conditioning equipment is that the minimum legal re- 
quirements shall be fulfilled regardless of the difficulties en- 
countered in other directions. Therefore, when designing for 
capacities for air conditioning systems, it is suggested that 
the designer should present a sketch of the proposed design 
to the Ventilation Plan Examiner of the Chicago Board 0! 
Health, for an analysis with respect to the requirements 0! 


the ordinance. Due to the range of requirements contained 


in the license ordinances, nuisance regulations and miscel 
ianeous control measures, the designer should have intimat« 
knowledge of the true use of the space to be conditioned, and 
this use is to be expressed in the terms used in the ordinanc: 
so that there will be no difficulty in citing the requirements 
of the proper sections of the ordinance relating to the esta! 
lishment in question. 
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THE WEDGE IS DRIVEN 


Parted forever are Nature’s climatic extremes from man’s 
Reborn are the 
arts, professions, trades and industries embraced by mod- 
ern heating, ventilation and air conditioning. 


life indoors at work and in recreation. 


“The great industry of the future” has become the great 


industry of the present. Civilization is paying willing 


tribute to those whose knowledge, initiative and energy 
are promoting the world’s health, comfort and efficiency. 


Come 
Examine 
Compare 
Discuss 


Assimilate 


onu 


Ni 
4 






What will be your share of the rich rewards? The 
answer is—what you make it. To be sure that you will 
be in line for the major prizes, one step is essential. 
You must be and keep informed! You must know the 
latest and the approved methods, materials, equipment, 
instruments, tools and supplies—and where to get them. 


Your quickest, most efficient, surest way to check up 
and keep up is to visit the coming heating, ventilating 
and air conditioning exposition. Come! 


Under the auspices of the 
of Heating & 
Ventilating Engineers 


American Society 


Management, International 


FOURTH 
INTERNATIONAL HEATING & 
VENTILATING EXPOSITION 


CHICACO-ILL 


Exposition Co. 


Ot 


FOURTH INTERNATIONAL 
HEATING & VENTILATING EXPOSITION 
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Air Conditioning 


for Today...and 
the Tomorrows! 


That same spirit of pioneering which has carried 
Vilter to the very pinnacle of fame in the world 
of industrial refrigeration is very definitely reflect- 
ed in its achievements in the air conditioning field. 


With new ideas, new technical developments and 
new ambitions, the proud traditions of the Vilter 
organization have carried its works to new heights. 


Vilter is today in position to offer a service far 
beyond the mechanical installation of standard 
units. Rather, it offers the expert and experi- 
enced cooperation of an engineering organiza- 
tion thoroughly grounded in every diversified 
phase of modern air conditioning practice. 


Prospective purchasers, architects and engineers, 
in considering their air conditioning problems, 
will do well to consult this old established 
progressive organization. 


THE 7 


8.0.10) vy Cov 's-38. (emote). 6-7-0. b 4 
2148 South First Street 
MILWAUKEE. WISCONSIN 
REPRESENTATIVES IN PRINCIPAL C 


“SEINCE s867" 


) i ae 
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(b) The Chicago Municipal Code for 1931 does not require ai: 
cooling. It does require that any system of ventilation such as 
windows or other natural facilities, to be considered as ful 
filling the requirements of the ordinances must, at all times 
be under the control of the persons in the air conditioned 
spaces. It follows that in an air conditioning design only th: 
mechanical ventilation requirements of the ordinance can by 
the basis of design since air conditioning systems will not 
function properly if natural facilities for ventilating purpose 
are used. The Chicago Municipal Code for 1931 has not 
fixed 10 cfm of air from the outside as a minimum. Whereve: 
the ordinance requirements are expressed in cubic feet ot 
air per minute per person it is in excess of 10 cfm. Ther: 
fore, wherever 10 cfm is used in design it must be in those 
types of establishments which are not regulated by ordinance 
with reference to ventilation. 


SECTION 11. 
Design Duct Capacity—Self-explanatory. 


SECTION 12. 
Design Air Distribution—Self-explanatory. 


SECTION 13. 


Refrigerating Apparatus and Refrigerants—(a) 
planatory. 

(b) The fundamental design of refrigerating systems for 
air conditioning purposes requires that the designer should 
have an intimate knowledge of the regulations contained in 
Sections 3474 to 3486, inclusive, of the Chicago Municipal 
Code for 1931, under the jurisdiction of the Department for 
the Inspection of Steam Boilers, Unfired Pressure Vessels 
and Cooling Plants. This part of the Chicago Air Condi- 
tioning Standards is closely related to the provisions con 
tained in Sections 3481 to 3483, inclusive, of the above men- 
tioned city ordinances. The location of the valves is specifi- 
cally mentioned in these sections. 

(c-d) Self-explanatory. (Except as in the case of 
refer to the Chicago Municipal Code for 1931.) 

(e) This standard is based upon the requirement of the 
Board of Health, as quoted below: 

“In every refrigerating system in which dichlorodifluoromethane is 
used, and a part of such system containing the refrigerant is placed into 
a ventilating system in the air to be used for ventilating purposes, there 
shall be provided such means as will produce a signal sufficient to attract 
the attention of the person or persons responsible for the operation of 
such equipment in case at any time ten pounds of the refrigerant should 
escape from the refrigerating system.” 

The city ordinances deal entirely with the public interest 
and safety aspect of refrigeration systems. These Stand- 
ards, while in accord with the ordinances, should, in addi- 
tion, afford the owner a satisfactory system with respect to 
Therefore, precau 
tionary measures should be taken as follows: 

(1) Welded steel pipe should be seamless, pickled and 
dehydrated. 

(2) Copper pipe and tubing, welded joints, headers and 
built-up sections should be cleaned with carbon tetrachloride 
or other suitable cleaner, to remove all scale, rust, dirt, solder, 


Self-ex 


(b), 


operation and reasonable maintenance. 


paste and filings. 

(3) All flared joints should have full flaring, be smooth 
and free from cracks and burrs. 

(4) Tests for refrigeration systems shall be conducted i” 
accordance with Section 3484 of the Chicago Municipal Cod: 
for 1931. 

(5) All joints and connections should be separately inves 
tigated with the aid of proper equipment to detect the escape 
of the refrigerant. 

(6) Refrigerating 
high and low pressure gauges. 

(7) Systems having multiple evaporators should be pro 
vided with gauges for each evaporator, so that the expansion 
valves can be properly adjusted. 

(8) Thermometers should be provided on condenser inlet 


compressors should be provided with 
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HANDSOME APPEARANCE 
QUIETER OPERATION 
RUGGED CONSTRUCTION 


You Get Them 
ALL with 


FEDDERS 
Series 3 


UNIT HEATERS 


Handsome external ap- 
pearance is an indication of 
advanced engineering de- 
sign inside as well as outside. 
Sturdy Series 3 Unit Heater Cabinets reinforced with inte- 
gral channel members protect the heating element from 
torsional stresses and twist due to piping strains. 

Full Floating Mountings allow for expansion and main- 
tain element alignment in cabinet. Copper tubes having 
| to 3 streamline ratio and patented individual convoluted 
fin design eliminate differential expansion stresses be- 
tween neighboring tubes. Curved headers provide extreme 
strength and eliminate diaphragmatic action, thus assur- 
ing a stable heating element. 

This combination of handsome appearance, rugged con- 
struction and quiet operation makes them ideal for com- 
mercial as well as industrial applications. Twenty standard 
models in well graduated capacities up to 1300 sq. ft. 
EDR. Write for Catalog 527. 











Pat. 1,970,105 





FEDDERS 
AIR 
CONDITIONING 
SURFACE 


Cam 


Cataloged 
on a 
Package Basis 


Fedders complete line 
of Air Conditioning 
Coils, built in capacities 
up to 100 tons I.M.E. 
is cataloged and rated 
on a package basis. 
Fedders manifolding 
provides proper distri- 
bution throughout the 
coil and reduces inter- 
nal friction to a mini- 
mum. Approved by Un- 
derwriters’ Laboratories. 
Write for catalog 91 


FEDDER 


57 Tonawanda Street 








Pending 


MFG. 
co. 


Buffalo, N. Y. 
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This 
warning applies to 


PIPING PROBLEMS 
as well as MOTORISTS! 


Use - 
DEVLIN 


for Dependability! 


90 per cent of pipe line trouble is due 
to faulty joints. Devlin Fittings run uni- 
form in quality and thickness. They are 
accurately threaded. They give tight, 
leak-proof joints, quickly installed. 


SEND FOR NEW CATALOG 


Devin FittinGs—malleable, cast iron and brass. 
Fretz NippLes—steel, wrought iron, brass and copper. 








THOMAS DEVLIN MANUFACTURING CO., Inc., BURLINGTON, “wh 


| 





Gentlemen: Please send your new FREE 1936 Catalog. H 
FIRM NAME........ 

ADDRESS.... 

|, SERRE oes — (\, = 
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We, Might 


HEATING 


entire work- 
ing area 


— 


FEATHER WEIGHT UNIT HEATERS 


“Tomorrow's” Scientific 
Vdd aloke Mol am keelalolisliete] B 
Efficient Heating Today. 

molamelahamelile Mell Mager 
ohm olUiifellater? 

Aste lela mB ZelUlmal-tolilate 
problems? 

Send for interesting 


Bulletin. 


L. J. WING MFG. CO. 


14th Street and Seventh Avenue 


NEW YORK, N. Y. 


and everywhere 
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and outlet lines, as well as on other water inlet and outlk 
lines used for cooling purposes. 

(9) Electric controls, motors and starters shall confor: 
to the requirements contained in Chapter 32 of the Chicag 
Municipal Code for 1931, under the jurisdiction of the D: 
partment of Electrical Inspection and also should meet tiv 
requirements of the Commonwealth Edison Company. 

(10) Unions or flanged connections should be provided t 
facilitate removal of automatic control and similar devic« 
and valved bypass arrangements must be made so as to per 
init operation of the system while such devices are bei: 


inspected or repaired. 


SECTION 14. 
Details of Construction—Self-explanatory. 


SECTION 15. 


Heat Transfer Apparatus—(a) This provision relates to 
the requirements of the Chicago Board of Health that all 
connections to the sewer shall be of such design that in the 
event the water supply system is drained, that sewage is not 
syphoned into this system. This is generally accomplished 
by interposing an air gap of 2 to 3 inches between the sewer 
and the end of the discharge pipe from the condenser. 

(b), (c) and (d)—Self-explanatory. 


SECTION 16. 


Noise Control—The quantitative measurement of noise is 
recognized as a complex and difficult problem. For a more 
intimate knowledge of this subject and a better understanding 
as to the application of this section, it is suggested that the 
chapter on “Sound Control” in the 4.S.H.V.E. Guide be given 


detailed consideration. 


SECTION 17. 

Insulation—The coefficient of heat transmission (U) of the 
insulation should be such that the heat transfer will be low 
enough so as to prevent the outer surface of the insulating 
material from attaining a temperature colder than the dew 
point temperature of the air surrounding it. 

The relationship of dew point temperature for correspond 
ing wet and dry bulb temperature may be obtained from a 
psychrometric chart. 

The coefficient of heat transmission for various materials 
may be obtained from the A.S.H.V.E. Guide. 

If the insulation of cool surfaces fails to prevent contact 
of the moist surrounding air with the cool surfaces, the con 
densation out of the air will moisten the insulation and maj) 
destroy its efficiency and shorten its life. 


SECTION 18. 
Guaranty—Self-explanatory. 


GENERAL INFORMATION 


Permits-—An air conditioning system invariably contains the elements 
that bring these systems under the jurisdiction of five municipal departments 
of the City of Chicago. These departments are: (1) Board of Health; ( 
Boiler Department; (3) Building Department; (4) Electrical Department 
(5) Fire Prevention Bureau. 


Other departments may also have jurisdiction. The contractor, beioré 
proceeding with the installation of an air conditioning system, should be 
properly protected by obtaining all of the required permits. When 0 


doubt, intormation respecting legal requirements and permit fees may 
obtained by consulting the various departments. 

Pamphlets and Reprints Relating to City Requirements—-The Chica 
Municipal Sanitary Code of 1931 has not been reprinted; therefore inf 
mation required to conform with this Code can only be obtained by 
sulting the revised Chicago Municipal Code of 1931 or by applying to t 
Board of Health for such information. 

The ordinances regulating refrigeration have been mimeographed and 
copy of same may be obtained on request from the Department for 
Inspection of Steam Boilers, Unfired Pressure Vessels, and Cooling Plant> 
For other city regulations, the respective municipal department should 
consulted. 

The tabulation below contains the names of organizations that have p! 
pared and published certain data which may be found helpful when us¢ 
in calculations for designing air conditioning systems to conform with T! 
Chicago Air Conditioning Standards:—American Society of Heating and 
Ventilating Engineers—Guide; American Society of Refrigerating En 
neers—Data Book; Chicago Master Steamfitters’ Association; Tilin 
Society of Architects—Hand Book. 
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DO YOU KNOW? 


That Leland builds a motor spe- 
cially suitable for stoker drive! 
High starting torque. High run- 
ning torque. Open grid or totally 
enclosed. Fan cooling where re- 
quired. Flexibly mounted to iso- 
late motor noise and vibration and 
to prevent shaft misalignment due 
to thrust. Standard equipment on 
many of our leading stokers and 
belongs on yours. 


This motor has diamond bored 
bearings, liberal bearing surfaces, 
a self-filtering lubrication system, 
all making for quietness in opera- 
tion. 


Special Designs for Oil 
Burners, Fans, Blowers, 
Unit Heaters, etc. 


Split phase; Condenser start, in- 
duction run; Condenser-start- 
Capacitor run; repulsion-induction; 
D. C. and D. C. with slip rings for 
A. C. ignition. 


Contact nearest sales 
representative or write 
home office at Dayton. 


THE LELAND ELecTrRic Co. 
DAYTON: OHIO : U:S‘A 


CABLE ADDRESS 
LELECT- 
OAY TON 


CANADIAN 
ADDRESS 
TORONTO 


20” x 20” Face 
2 Rows Deep 
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Sem SS hws 


AS YOU 


‘ 
ta 
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All Steel 


30” x 72” Face 
12 Rows Deep 
All Copper 


Regardless of your requirements, whether all cop- 
per, copper tube with aluminum fins or all steel 
—continuous or spiral fins, you will find an added 
assurance of lasting performance very evident 
in the precision built Standard Air Conditioning 
and Refrigeration Coils. Modern plant methods 
permit complete fabrication of Standard Coils, 
from raw material to finished product, under one 
roof and supervision—therefére exceptionally 
prompt delivery and moderate prices. Visit the 
Standard plant when in Chicago for the show 
and see the new Wind Tunnel, now under con- 
struction for testing blast coils. These tests will 
be conducted under the personal supervision 


of Dr. E. V. Hill. 


The New Standard “Blast Coil Data 
Book” is now being compiled for publi- 
cation in March. Write today for your 
copy—be sure your request is on com- 
pany stationery. 


See Us at Booth No. 824 Heoting & Ventilating 
Exposition 


» 
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ird Air Conditioning and Refrigeration Ce 


_~6 2619 W. VAN BUREN ST 
CHICAGO 


WHEN AND 


WANT THEM 
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MONCRIE 


Air Conditioning 
Pipe and Fittings 


Everything required to make a complete sum- 
mer and winter air conditioning installation. 
Wall stack, stackhead and foot pieces made 
with special Moncrief lock joints. Moncrief 
Combination Outlet presents many advan- 
tages, including eliminating necessity of in- 
stalling volume dampers in ducts. The 
product of thirty-eight years experience in 
the manufacture of pipe and fittings. 


Send for our complete catalog of Air Condi- 
tioning Pipe and Fittings. 





SEE OUR EXHIBIT 


at the Fourth International Heating and 








Ventilating Exposition, New International 
Amphitheatre, Chicago, Jan. 27 to 31, 1936. 


























The Henry Furnace & Foundry Co. 
3480 E. 49th St. Cleveland, Ohio 


Send for 
Catalog 
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Equipment Developments 








For your convenience in obtaining more information 
about any of this equipment, see coupon on page 185 . . 


New Heat Transfer Surface 


No. 630—New development in light weight, copper tube and 
fin heat transfer surface features use of fwo steam distributing 
tubes inside each of the regular condensing tubes of the su 
face. Within each finned condensing tube are two distributing 
tubes, the larger of which extends from the steam header ap 
proximately one-half the length of the heater, and is pierced 
with a number of small orifices through which steam is fed 
to the steam half of the finned tube. The smaller internal tube 
extends from the steam header to the return header, and for 
the half of its length which projects beyond the larger tube, 
it is pierced with similar orifices through which steam is fed 
to the return half of the finned tube. The openings from the 
steam header into the steam distributing tubes are metered to 
admit the proper relative proportions of steam to each half of 
the heater. This, together with correct spacing of the orifices, 
assures uniform steam distribution throughout the heater, re- 
gardless of the steam pressure or the quantity of steam sup- 
plied, according to the maker. With full line pressure, full 
heating capacity is secured; as the steam supply is throttled, 
the leaving air temperature is reduced, but the temperature of 
the air leaving the heater is uniform over the entire face area. — 
John J. Nesbitt, Inc., Holmesburg, Philadelphia, Pa. 


Air Operated Regulator for Diaphragm Valve, 


Damper Motor Control 


No. 631—New compressed air operated regulator designed for 
control of air temperatures (dry bulb, wet bulb, and dew point) 
and liquid temperatures employs the saturated vapor principle, 
but its adjustment dial has uniform temperature graduations; 
i.e, bunching of temperature graduations at one end of the range 
is eliminated. 

The thermostatic bulb may be installed in the air or liquid 
at point where the temperature is to be controlled, while the 
adjusting dial and operating mechanism may be at a more 
convenient point, the two being permanently connected by armored 
flexible capillary tubing unaffected by temperature changes. 

Furnished in three styles:—The regulator alone, combination 
of regulator with 4 in. diameter indicating dial thermometer, 
and in combination with 12% in. diameter recording thermometer 
making record on a 10 in. chart. Bulbs of seven different de- 
signs available for 0-100, 50-150, 100-200, or 150-250 F tempera- 
ture ranges. 

In conjunction with diaphragm valves or damper motors. it 
is applicable to control of dry kiln temperature, varnish drying 
rooms, air washers, humidifying apparatus, chemical treatments, 
dyeing and bleaching machinery, and other processes involving 
the use of heating or cooling mediums.—Powers Regulator Co., 
2720 Greenview Ave., Chicago, III. 


Rotary Displacement Gas Meter 


No. 632—New smaller size (2'4x7 meter) extends range of 
sizes of rotary displacement meters. Built for line pressures up to 
25 Ib per sq in., normal capacity 5000 cu ft per hr, at 1 in. water 
gage differential, maintains commercial accuracy on loads rang- 
ing from 10 to 150 per cent of normal rating. 

Meter is compact, measuring 22x14x15 in. Regularly sup 
plied with base for foundation mounting, but can also e 
furnished with special bottom pipe plate permitting direct mount 
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TO USE THIS BETTER STEEL PIPE 


In most cases it costs less to use Fretz-Moon Pipe— 
even though it is recognized as a product of highest 


quality and uniformity. 


Figure it out for yourself. If the steel pipe you use 
is absolutely uniform—if every length is true to size, 
perfectly round, tightly welded, straight, accurately 
threaded, clean inside and outside and, in the case of 
galvanized finish, with a non-scaling, rust-resisting 
zinc alloy surface—if it bends, cuts and threads easily 
and is free from hard or burnt spots in the metal— 


then, obviously, it should cost less to install. 


And that is why Fretz-Moon Pipe is less expensive 
to use—because it offers these advantages. Judge for 
yourself. Try it on your next joband note the difference. 


FRETZ-MOON TUBE CO., INC. 
BUTLER - PENNA. 


FRETZ-MOON 
PIPE 


BLACK AND GALVANIZED 
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Howe Air Conditioning system in Actualidades 
Theatre, Malaga, Spain. 


REFRIGERATION 
PIONEERS 


ORKING in co-operation 

with contractors and distrib- 
utors these past 25 years, Howe 
refrigeration has become known 
the world over as the standard of 
efficiency and performance. 
Engineered and built right. Howe 
equipment offers many years of 
highly satisfactory service. Get 
our estimate on compressors, fin 
coils, and cooling units. 


See Us at 
the Show 
BOOTH 
No. 23 








Air Conditioning 
Comfort Cooling 
Ice Cream Plants 
Bottling Plants 
Ice Making 

Cold Storage 
Food Protection 
Quick Freezing 
Special Purposes 


















Howe Ice Machine Co. 


2825 Montrose Ave. | 

Chicago, Ill. ' 

Please send us your latest bulletin giving information on Howe 
uipment. i 


e are interested in 
Firm .. 
Address 
City.... 


Individual 
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ing in a vertical gas line. Standard equipment includes a dif- 
ferential gage, and a register reading in cu ft of gas passing 
meter. Indicating or recording instruments can be supplied 
when required by installation. 

Applicable to small gas plant operation, industrial and com- 
mercial gas consumer installations, low pressure natural gas 
wells and transmission lines, chemical processes, sewage gas 
measurement, or measuring gas engine fuel consumption.—Roots- 
Connersville Blower Corp., Connersville, Ind. 


Refrigerating Units for Air Conditioning 


No. 633—Two new “Freon” refrigerating units, designed espe- 
cially for air conditioning and water cooling work, resemble in 
their general arrangement the standard ammonia refrigerating 
units which the manufacturer has been building for many 
years. The unit comprises an enclosed type compressor, driven 
through V belts by a motor mounted above the fly wheel; un- 
derneath the motor base is the condenser coil. 

The 15 ton machine has three vertical cylinders and is driven 
by a 15 hp motor. The 20 ton unit has four cylinders arranged 
in a V pattern and is driven by a 20 hp motor. (Capacities 
given are based on a suction temperature of 40 F.) Both machines 
have cylinders of 4% in. bore by 4% in. stroke. 

Condenser is a new type that gives extra cooling surface by 
nesting a number of small water tubes (instead of a single water 
tube) inside the large outer tube. The charge of “Freon” is 
carried in a receiver within the base, which is made of deep 
steel channels. The unit is complete with the necessary controls 
for full automatic operation, though it can be manually handled 
if desired.—Frick Co., Waynesboro, Pa. 


New Line of Unit Heaters 


No. 634—New line of unit heaters incorporates new principles 


of construction and modern cabinet designs. Construction pro- 
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vides a cross-flow circulation. The supply header and return 
header are integrally cast in one unit. The condenser is com 
posed of a series of round copper tubes, formed into U shape 
which extend in parallel rows from the header casting. The frex 
ends of the U shaped tubes are supported by a steel spacer chan 
nel to permit free expansion and contraction without strain 
Pipe connections are concealed within the back of the heater 
Perfex Radiator Co., Milwaukee, Wis. 


Electrode for Welding 25-12 Stainless Steels 


No. 635—New arc welding electrode (“Stainweld B”) fo: 
welding the group of stainless steels belonging to the 25-12 
variety announced last month. Because of its higher chrom« 
content it is particularly advantageous for welding stainless clad 
steels, states the maker. 

Provides weld metal of same characteristics as steel contain 
ing 25 per cent chromium and 12 per cent nickel. Weld metal 
has high corrosion resistance, high tensile strength and ductility. 
Electrode is heavily coated, utilizing shielded arc principle of 
producing welds free from oxides and nitrides, brittleness and 
porosity. Available in #2 and ¥ in. sizes in 11 in. lengths.- 
The Lincoln Electric Co., Cleveland, Ohio. 


Accessory for Hair-Line Valve Positioning 


No. 636—New accessory for air operated control valves, 
the “Vernier Valvactor,” developed to eliminate valve sticking 
and to assure hair-line valve positioning. This device enables 
throttling type air operated control instruments to make small 
gradual adjustments of the control valve position regardless of 
friction or hysteresis, and the air from the control instrument 
need change as little as ™% in. of water to cause a corrective 
positioning of the valve and force the stem to take a position 
within 1/1000th in. of the previous one, says the maker. Guar- 
antees exact valve response where valve stem packing must be 
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Both wings of this magnificent Administration Building of the ating load. Double sets of shell condensers and water coolers 
Department of Agriculture, at Washington, D. C., are now com- provide a compact and efficient plant. 
pletely air conditioned—with the aid of See our Exhidit tn Booth 138 at the Heating & Ventilating 


a Frick Freon Refrigerating System of xposition, Chicago 
720 Tons Capacity. WAY NESBORO, PENNA ~ 


Four of our enclosed type Freon com- RICK 
. 


pressors connected in duplex to a pair 
of 450 h.p. motors, carry the refriger- BUTSTVIWa laa aa TRA Taaet ee = ures. Write today. 


Frick Refrigeration for Air Condition- 
ing has been selected for innumerable 
important jobs—and for good reasons. 
Let us give you the full facts and fig- 
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INSTANTANEOUS, DIRECT AIR 


VELOCITY READINGS WITH 
‘Alnor’ Velometer 


(Boyle System) 

No longer is it necessary to use expensive, complicated 
instruments and stop watches, or to make slow, mathematical 
calculations in order to obtain accurate air velocity readings. 

No longer need you depend on a “guess” or a question- 
able estimate of low velocities or the velocities of irregular 
shaped or slotted grilles, small ducts, or other restricted 
openings. 

Now you can do all this accurately, conveniently, and 
quickly with the Velometer, the instantaneous direct reading 
air velocity meter. 

The Velometer gives accurate, instant air velocity read- 
ings directly in feet per minute from as low as 20 F.P.M. 
to as high as provided on the scale. Ranges up to as 
high as 6000 F.P.M. available. 

Every heating, ventilating, air conditioning, or industrial 
engineer will find the Velometer a quick, convenient, and 
reliable instrument for determining air velocities. 


Write for Bulletin 2191 


NO.6 NO5 


NO.2 












See the Velome- 
ter at Booth No. 
419, International 
Heating & Ven- 
tilating Exposi- 
tion, January 27- 
31, 1936. 
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ILLINOIS TESTING LABORATORIES, Inc. 
419 N. La Salle Street—Chicago, Illinois 


Testing Engineers and Manufacturers 






















PERFEX 


UNIT HEATERS 





Booth 54! 
at the Show 








MODERN BEAUTY 
IN A COMPLETE LINE 


Perfex Unit Heaters are designed and styled 
for modern-day heating. 















The Perfex all-copper heating element em- 
bodies new principles of construction—simpli- 
fied design—great structural strength for high 
pressures—free expansion and _ contraction 
without strain—concealed supply and return 
outlets—all combined with high heating effi- 
ciency. Only Perfex Unit Heaters have all of 
these features. 


















e A few excellent territories available. 


PERFEX RADIATOR COMPANY 


MILWAUKEE, WISCONSIN 


PERFEX 
CONTROLS 


Perfex Controls Company intro- 
duces the first of its complete line 
of Automatic Controls for heating, 
ventilating, air-conditioning and re- 
frigeration. 



































Booth 54] 


at the Convention 






© Valuable territorial appointments being made. 


PERFEX CONTROLS COMPANY 


MILWAUKEE, WISCONSIN 
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Meet ANY 


heating need 
with 


CHROMALOX 


equipped 
ELECTRIC UNIT HEATERS 


Is it a case where speedy installation counts 
big? The answer is Chromalox Electric Unit 
Heaters. 

Is it a problem of boosting the present over- 
strained system? Again, Chromalox Unit 
Heaters will do it, to any required degree. 
Is the room remote, far from any other 
source of heat? You can always find an elec- 
tric power connection for Chromalox Unit 
Heaters. 

Is it an off-peak heating job, needing heat 
in non-operating periods? Chromalox Unit 
Heaters are ready for service 24 hours per 
day—every day. 

Imagine the most difficult heating conditions 
you can—then check on Chromalox Heating 
Units and see how easily they will meet the case. 
Possibly you have a similar job—if so, we are 
glad to help. Write us. 
Made in sizes from 1.5 to 40 kw. Catalog on 
request, 

























MAIL WITH YOUR BUSINESS LETTERHEAD 


EDWIN L. WIEGAND CO., 
7610 Thomas Blvd., Pittsburgh, Pa. 


Send me the new 60-page CHROMALOX book. 


I wish to heat 


Name 


Position 
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very tight to prevent leakage; where fluids are viscous or con- 
tain solids; and friction is otherwise unavoidable or wherever 
there is danger of valve friction developing. 

Unit is mounted in cast aluminum case, completely weather 
proof. Case also available in gas-tight construction properly 
vented so that “Valvactor” may also be operated indoors on gas 
supply with the vent piped to a safe spilling point——Foxboro Co., 
Foxboro, Mass. 


New Low Alloy, High Tensile Steel 


No, 637—New steel—Hi-Steel”—is of the so-called low alloy, 
high tensile strength class. Minimum yield point is 60,000 Ib 
per sq in. for gages lighter than % in. and 55,000 lb in heavy 
gages. Minimum ultimate tensile strength is 70,000 lb per sq in., 
giving it a high elastic ratio. The elements used give this alloy 
a high degree of uniformity and physical characteristics as well 
as workability, states the manufacturer. Tests extending over 
a year’s time show that it will bend, form, stamp, seam, and weld 
readily, and is highly resistant to corrosion. Supplied as sheets, 
strip, plates, bars, and structurals—Inland Steel Co., First Na- 
tional Bank Bldg., Chicago, III. 


Small Capacity Positive Displacement Pump 


No. 638—New miniature triplex plunger reciprocating pump 
has been developed to handle fluids at a relatively high pressure 
and at the same time in small quantities. 

Depending upon speed of pump, capacity may be varied from 
about 15 to 120 gal per hr. The power required by the pump 
is small, such that a % hp motor will operate the pump at 60 
gal per hr capacity and 200 lb pressure. It is a single acting 
plunger type having three cylinders of %4 in. bore and % in. 
stroke with the plungers attached to cross-head guides which 
are driven by connecting rods from the crank shaft. Monel 
metal inlet valves are of poppet type, positively actuated through 
a cam and tappet mechanism and the outlet check valves are of 
the ball type with adjustable limited lift for high speed operation. 
Gears, crank shaft, connecting rods and cross-heads are entirely 
enclosed in crank case with splash lubrication. Crank case is 
of semi-steel. Cylinder head is corrosion resisting iron alloy, 
removable from the crank case to effect economical maintenance. 

Pure water, water containing various percentages of alkaline 
compounds, fuel oils, mineral oils and various chemicals are 
readily handled, and it is adaptable to uses such as boiler feed, 
boiler compound injection, condensate returns, small hydraulic 
presses, fuel o1l pumps for oil burners, pumping of chemicals, air 
conditioning apparatus and control apparatus.—Homestead Valve 
Mfg. Co., Coraopolis, Pa. 


New Vibration Isolation Unit 


No. 639—Strength, compactness and a high degree of vibra- 
tion isolation are features of new type of “Seismo-Damper,” 
built in sizes from 100 to 2500 Ib capacity. With this damper 
the machine is directly supported by a “T” iron separated from 
a base of two angle irons by natural cork or other isolating 
material. The angle irons are firmly connected by bolts passing 
through the isolating materials and “T” iron, but not touching it. 

Before installation these bolts are adjusted to produce a pre- 
compression of the isolating material to suit the machine load. 
Further adjustment can easily be made after installation. Where 
machine frame is light or must be supported at several points, 
the “T” iron can be extended to form a continuous support 
between two or more dampers to eliminate undue bending stresses 
in the machine frame.—Korfund Co., Inc., 48-15 32nd Pl., Long 
Island City, N. Y. 
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Siete Ge lei aleia 


An enclosed Primary Resistor Auto- 








matic Motor Starter with manual 





speed regulator for Fan duty. The 





panel complete with the resistor is 
hinged at the bottom so that it can 
be swung out for inspection. This 








permits installation close to building 






wall, without the usual clearance at 






the rear. Note the concealed door 





hinges and the resulting fine appear- 





fi omy, \ 
rf fhm, is a sample of what we built for 


\ vit } Rockefeller Center, New York. 


THE aLARK CONTROLLER CO. ctévetanoco: 





ance of the closed cabinet. This 
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For 1936, Ric-wiL , © 2p See the Ric-wiL Exhibit 
Offers the Mod- ast | ™ —Booths 133-5 Inter- 
ern, Complete national Heat- 
ing & Ventilat- 
ing Exposition 
—Chicago, 
January 26-31 


and Outstanding 
Line of Under- 
ground Steam 
Conduit. 






Shown here are a few representa- 
tive types of Ric-wiL Underground 
Conduit. We also manufacture a 
full line of all necessary accessories 
for these systems. Installations 
may be for single or multiple pipe. 
Insulation is the famous Ric-wiL 
Waterproof Asbestos Dry-paC. De- 
scriptive Bulletins of any or all 
types of Ruic-wiL Conduit fur- 
nished on request. 


Riealv RecisTERned ww U. &. PATENT Orrice ty 


THE Ric-wiL CO. —conbuit Cal ee 


San Francisco 


Cleveland, Ohio UNDERGROUND STEAM PIPES Agents in Principal Cities 
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When Your 
Back 
Rake 


The Wall 


“K”’ FITTINGS ARE INDICATED 


Adequate stocks for dispatch shipments with 
heavy production schedules in support. 





Straight T 


No job too big. No delivery speed too fast. 


Standard and Extra Heavy screwed fittings. 

American Sprinkler fittings. 

Standard flanged fittings. 

Standard and extra heavy companion flanged fittings. 

Drainage fittings. 

All fittings hand inspected. Certain classes hydrostatically 
tested to 300 lbs. 

M. S. S. standards observed. Underwriters’ and Associated 
Factory Mutual approved. 


Combined marketing facilities on both "“K" cast 
iron fittings and M. |. F. Malleables. Complete 
stocks at both Dayton, Ohio and Branford, Conn. 


KUHNS BROTHERS COMPANY, Dayton, Ohio 


Established 1887 





i to 
Plumbers and 
industrial 
users upon 5 
Drainage Y request. Straight L 
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New Valve Operator and Damper Control Motor 


No. 640—New high power valve operator, made for either 
high or low voltage operation, includes wick oiled motor, 
machine-cut heat treated gear train, with side plates, plunger, 
etc., of stainless steel. New oil-immersed damper control motor 
developed by the same manufacturer rated at 1000 lb in. torque 
makes use of a “Barcol Midget” motor, and is available 
for high or low voltage operation. The gear train of this unit 
consists of high grade machine cut gears and the entire assembly 
including motor, gears, limit switches, etc., runs in a bath of 
oil completely submerged. The unit is equipped with a speed 
governing device, externally adjustable, affording a speed varia- 
tion of from 10 to 1. With standard gear set this affords 180 
deg operating stroke, time varying from 95 to 950 seconds.— 
Barber-Colman Co., Rockford, Il. 


Leak Detector for Halide Refrigerant Gases 


Ne. 641—New “Prest-O-Lite” halide leak detector for re- 
frigerant gases consists of a regular needle valve torch handle 
assembly, a burner which includes a suction nipple for attach- 
ing a rubber hose, and a chimney with a copper reaction plate, 
has been developed to furnish a quick and sure method of locat- 
ing leaks while cooling units are being installed or during servic- 
ing. To operate detector, flame is adjusted, and open end is used 
to explore around those places where a leak might occur. Color 
indication of a small concentration of refrigerant gas is given 
by green tinted flame; when a large amount of leakage is pres- 
ent, flame assumes intense violet color. After source of leak has 
been passed, flame clears quickly.—Linde Air Products Co., 30 F. 
42nd St., New York, N. Y. 


Humidistat, Thermostat Combined in New Control 


No. 642—Two new instruments—the “Hytherstat” and the 
“Comfortrol”—combine the mechanism for complete control of 
air conditioning in one compact device 4%4x7x1% in. The for- 
mer is simply separate humidistat and thermostat mechanisms in 
a single case for use where it is wished to avoid fitting two 
separate controls. The “Comfortrol,” on the other hand, has 
a temperature scale in degrees of effective temperature, and on 
it the setting dials are inter-geared to give control in terms 
of the A.S.H.V.E, comfort chart or in degrees effective tem- 
perature. If one steps down the relative humidity setting by 
means of the left hand dial, the dry bulb temperature setting is 
simultaneously changed in the proper ratio to maintain the 
effective temperature. A slipping clutch mechanism for the right 
hand setting dial permits raising the dry bulb or thermostatic 
point of control only while leaving the percentage relative 
humidity unchanged.—Julien P. Friez & Sons, Inc., Baltimore 
St. & Central Ave., Baltimore, Md. 


Pillow Block Has Split Construction 


No. 643—"“SA Type” pillow block has a split construction 
to provide for the least number of parts, and, with the “SKF” 
spherical roller bearing, has inherent ability of rolling self-align 
ment without imposing extraneous loads due to setup inaccu 
racies or shaft deflections. Designed with cross and transverse 
ribbing to assure greatest strength with least weight and to 
minimize warping. Felt sealing rings shield bearings against 
dirt; when dirt conditions are extremely severe, flingers can 
be used. 

To install, the lower half of the pillow block is set in place 
and bolted, the bearing mounted on the shaft and properly located 
The upper half is then bolted on—SKF Industries, Inc., Front 
St. & Erie Ave., Philadelphia, Pa. 
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SEND FOR THIS MoneySaving claog | 


HIS NEW CATALOG of Globe Pressed Steel Installation 
Wacom is of special interest to everyone installing 









Plumbing, Heating, Air Conditioning and Sprinkler Systems. 
Globe Parts insure greater strength, durability, lighter 
weight and better appearance at LOWER COSTS than 
many others designed for the same uses. All Globe Parts 
are approved by the National Board of Fire Underwriters. 





PARTIAL LIST OF GLOBE INSTALLATION SUPPLIES 









PIPE HANGERS STEEL FLOOR AND CEILING 
ADJUSTABLE SWIVEL HANGERS PLATES 

SPLIT RING (CLEVIS) HANGERS CEILING BUTTONS 

| BEAM CLAMPS STEEL INSERTS 
RETAINING CLIPS ESCUTCHEON PLATES FOR 
UNDERGROUND HANGER SPRINKLER HEADS 







CLAMPS SPRINKLER HEAD CABINETS 
STEEL PIPE CLIPS ADJUSTABLE CLIP BASES 














BLOWER WHEELS 
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@ CORRECTLY 
RATED 
@ EXPERTLY 
DESIGNED 
@ ACCURATELY 
MADE 


... Assuring uniformly 
excellent performance 
and enduring service 


Fok any type of equip- 
ment ...Worthington 
Multi-V-Drive provides 
an effective solution for 
many drive problems. 


® Positive grip 
® Permanently quiet 


® Ideal for 
close centers 


@ Full efficiency 
maintained 


®@ Negligible 
maintenance costs 


@ Full performance 
in any position 





| @oenfVEAR 


EMERALD CORD BELTS 
Bros woven - 


Fractional horsepower 
up to 1500 horsepower 


25,000 
STOCK COMBINATIONS 
--» UNLIMITED SPECIALS 


An Engineering 
Manual, containing 
complete technical 
data, may be had 
without obligation. 
Use the coupon be- 
low, write, or’ phone. 


WORTHINGTON 


MULTEZDRIn 


District offices and 
dealers in principal 
cities 





WORTHINGTON PUMP AND MACHINERY CORPORATION 
HARRISON, NEW JERSEY 
Send me a copy of the Multi-V-Drive Engineering Manual. 


Name 





Firm 





Address 
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Metallic Are Welding 


“Metallic Arc Welding,” by H. Harris, Ph.D., DI.C., A.R.C.S. 
Published by Longmans, Green & Co., 114 Fifth Ave., New York, 
N. Y. London: Edward Arnold & Co. 1st edition, 1935. 197 
pp., 6x9 in., clothbound. Price $6.00. 

It has been the author’s object to summarize the present know!- 
edge of the subject of arc welding, for the developments made 
within the last decade, though not widely appreciated, are of 
prime importance where new applications of the technique are 
considered. While major attention is given to the welding of 
mild steel, the welding of alloy steels and alloys has not been 
neglected where the necessary data were available. 

The twenty-one chapters into which the subject matter is 
divided include the theory of the electric arc; the metallic arc 
welding process; the electrode; effect of metallic arc welding 
on the base metal; physical properties of weld metal; arc weld- 
ing equipment; testing of welded products; influence of oxygen 
in steel and weld metal; ageing of weld metal; welding of struc- 
tural alloy steels, austenitic chromium nickel steels, austenitic 
manganese steels, copper and its alloys, and nickel and monel 
metal; application of welding to the manufacture of pressure 
vessels and the chemical industry, boiler drums, pipe manufac- 
ture, and ship construction; and miscellaneous applications, 








Booklets, Reports and Papers 








Rating and Testing Condensing Units 


“Proposed Standard Method of Rating and Testing Mechan- 
ical Condensing Units,” by the Joint Committee on Rating Com- 
mercial Refrigerating Equipment. Published by the American 
Society of Refrigerating Engineers, 37 W. 39th St., New York, 
N.Y. 14 pp., 8%x11% in. .Price 15c. 

These standards represent several months of intensive work 
on the part of a joint committee composed of representatives of 
the 4.S.R.E. (Glenn Muffly, F. R. Zumbro and W. R. Woolrich), 
the Refrigerating Machinery Association (L. S. Morse, A. H. 
Baer and W. H. Carrier), the refrigeration division of the Na- 
tional Electrical Manufacturers ‘Association (H. M. Williams, 
I.. A. Philipp and Chester Lichtenberg), the Air Conditioning 
Manufacturers Association (Donald E. French, L. S. Morse and 
H. M. Williams), and the American Society of Heating and 
Ventilating Engineers (W. A. Stark, F. H. Faust and C. W. 
Walton, Jr.). They are in approximately final form, although 
there may be one or two further revisions of a minor character, 
it is stated. 

Four methods of testing and rating mechanical condensing 
units are proposed as optional, and definitions, equations and 
methods of procedure are explained in detail. 


Selection of Coal for Underfeed Stokers 


A paper on “Factors in the Selection of Coal for Underfeed 
Stokers” prepared by a committee of fuel engineers representing 
Appalachian Coals, Inc., and presented at the annual meeting 
of the American Society of Mechanical Engineers, 29 W. 39th 
St., New York, N. Y., December 2-6, calls attention to the com 
plexity of the problem and describes what is being done to advance 
the state of the art. Present bases for coal selection are dis 
cussed, preparation of stoker coal described in some detail, and 
major attention given to what is thought to occur in an underfeed 
stoker fuel bed, characteristics of coal that influence its combus 


‘ tion, and design characteristics affecting combustion behavior. 
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IMPORTANT ANNOUNCEMENT 
EFFECTIVE TEMPERATURE— 


Modern equipment is designed to achieve comfort by 
means of Effective Temperature. 

Now YOU can control in terms of Effective Tempera- 
ture. 

FRIEZ of Baltimore have a complete new line of control 
instruments that will hold the desired Effective Tem- 
perature even with simple heating (or cooling) equip- 
ment—and of course on complete air conditioners. 
See the new FRIEZ EFFECTISTAT and COMFORTROL 
at the Heating and Ventilating Exposition (Booth # 320) 
or write Makers for Bulletins ¢ E and ¢ C. 


*Note: You will also be interested in the FRIEZ WIN- 
DOWSTAT, which at low cost solves the winter window 
condensation problem (Bulletin ¢ W). 


JULIEN P. FRIEZ & SONS, INC. 


(A Subsidiary of The Bendix Aviation Corporation) 
BALTIMORE, MARYLAND, JU. S. A. 
“THE MAKERS OF AMERICA'S WEATHER INSTRUMENTS" 



























HEATING 


NEW YORK 
489 FIFTH AVE. 








BUSH FINNED TUBING PRODUCTS 





THE BUSH MFG. COMPANY 











COOLING 


AIR CONDITIONING 


Write for specification sheets showing our standard line of 38 combinations of prime and secondary surface. 


HARTFORD, CONN. 


DETROIT CHICAGO 
6432 CASS AVE. 610 N. OAKLEY BLVD. 
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In the Beautiful 
Municipal Auditorium 
St. Louis, Mo. 
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AEROFIN 


FAN SYSTEM HEATING AND 
COOLING SURFACE 





ROM imposing public structures like St. 

Louis’ famous Municipal Auditorium, to 
the simplest heating or cooling job, Aerofin 
light-weight fin-type surface meets the most 
rigorous specifications. 


For dependability, long life, high efficiency 
and trouble-free service, you will go a long 
way to find a heating surface that gives so 
much downright satisfaction as does Aerofin. 
Is it any wonder that professional technicians 
choose Aerofin with a confidence born of long 
experience? You, too, can depend on Aerofin 
for all buildings, large or small. 


A complete line of equipment for heating 
and cooling is at your service. The home 


office in Newark or any of our branch offices 
will gladly send complete descriptive litera- 
ture or render prompt personal and efficient 
technical co-operation. 
address below. 


Simply write to the 
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Fan System 
Apparatus. 


List upon Reqeas 
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Gas Industry Booklet on Testing Program 


“For the Benefit of the American Gas Industry and 63 Mil 
len Gas Consumers,” published by the ‘American Gas Associa 
tion, 420 Lexington Ave., New York, N. Y.; 1032 E. 62nd St. 
Cleveland, Ohio; or 718 Towne Ave., Los Angeles, Cal. 40 pp 
634x10 in. 

This booklet was published recently in commemoration of th: 
tenth anniversary of the 4.G.A.’s testing laboratories program 
and treats in readable style of this work, emphasizing in par 
ticular its value to the gas industry, manufacturing and con 
tracting enterprises, and the public. 

Organization and facilities of the laboratories are described, 
the work of the past decade is high-lighted, and plans for the 
future are briefly outlined. 





The Editor’s Correspondence 





Control of Indirect Water Heaters 


THe Epiror— 

In the June, 1935, H. P. & A. C. the article on page 289 
advises locating the aquastat in the heater or in the pipes to 
the heater. In the November, 1935, issue, page 535, another 
writer recommends installing an aquastat in the manifold or 
top of the heater. The latter recommendation conforms to that 
of indirect water heater manufacturers. 

As we are giving consideration to installing indirect heaters 
and as we have had no experience along this line, I shall appre- 
ciate your comments and recommendations.—L. O. A., Director, 
Buildings and Grounds. 


Reply—The reader has noted and questions the seeming con- 
tradictions concerning the control of indirect water heaters, or 
year around heat transfer devices which circulate water from 
below the water line of a steam boiler, through or around a 
copper coil or similar device for heating service water. 

A contemporary, writing principally about methods for tapping 
the necessary water circulating openings in sectional cast iron 
boilers in the November article mentioned, said rather inci- 
dentally “To maintain temperature in the steam boiler below the 
steaming point, it is necessary to install an aquastat in the mani- 
fold or top of indirect heater.” 

P.& A. ©. 


to a correspondent who was having difficulty in summer to obtain 


The present writer, replying in the June, 1935, H. 


sufficient service hot water from a steam heating boiler, said 
“Hot water in the storage tank rather than only in the boiler 
header, is what is wanted in summer. Therefore the aquastat 
(which controls the fire intensity) should be placed in the middle 
of the side of the tank,” etc. 

The reader wishes to be told which of us is right, since he 
states that the recommendation to place the aquastat in the 
manifold or in the top of the heater conforms with the recom- 
mendations of indirect water heater manufacturers. This is t 
advise him that I am right and that I believe that my con 
temporary who said “aquastat in the manifold or top of indirect 
heater” would agree if he had given the matter particular instead 
of incidental attention. 

The apparent conflict probably is due to the kind of control 
and kind of fuel. For instance, with manually fired coal in the 
boiler, the stored heat due to the fuel bed might heat the storag« 
tank sufficiently after the aquastat placed in the manifold had 
shut-off the drafts ; 
tank if the thermostat were placed down at some point in the 
Having 


and might overheat the water in the storagt 


tank which indicated an average water temperature. 
developed this fact by experience of many years ago manufac 
turers simply have failed to modernize their data. 

On the other hand, personal and intimate experience wit! 
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ith years of specialized experience 











AIP, CONDITIONING 





Whatever your conditioning requirements—humidifying, de- 
humidifying, heating, cooling—unit apparatus or complete con- 
ditioning systems—you can depend upon Ross for thoroughly 
reliable recommendations. For nearly a quarter of a century 
designing and building air handling systems—Ross knows Air 
Conditioning. Let this specialized experience save you time 
and money. We invite your inquiry. 








201 N. Wells Street 
CHICAGO 




















J. O. ROSS ENGINEERING CORPORATION 


Main Office—350 MADISON AVE., NEW YORK 
12953 Greeley Ave. 2660 N. W. Front Ave. 


DETROIT PORTLAND, ORE. 











NOVOID CORKBOARD 
for 
AIR DUCTS 


. . . . send for detailed 
application drawing 








® Five big advantages recommend Novoid Cork- 
board for the insulation of air ducts, concealed or 
exposed—as well as for all other parts of air- 
conditioning and ventilating systems which re- 
quire protection against the transmission of heat. 
Thanks to the natural cell structure of cork, 
Novoid Corkboard has an unusually low co- 
efficient of thermal conductivity. In addition, 
Novoid is moisture-resistant, structurally strong, 
easy to erect, and fire-retardant. We will be glad 
to furnish you with a detailed drawing on the 
application of Novoid for air ducts. For this, and 
other information about Novoid Corkboard, write 
or call your nearest distributor. 


If you attend the HEATING & VENTILATING EXPOSITION 
visit usx—BOOTH 641 


CORK IMPORT COMPANY 
330 West 42d Street New York City 


Authorized Distributors 


Asbestos Distributors, Inc., Port Chester, New York: Bridgeport, 
Connecticut @ The Carey Company, Cleveland, Ohio; Detroit, Mich 
igan @ Dade Refrigerating Company, Inc., Miami, Florida @ Henry 
V. Dick & Company, Charlotte, North Carolina @ Eastern Cold 
Storage Insulation Co., New York, New York @ E. J. Eddy, Inc., 
Buffalo, New York; Rochester, New York @ The Geo. L. Freeman 
Company, Toledo, Ohio @ Hamilton Company, Inc., St. Louis, Mis 
souri; Memphis, Tennessee; Kansas City, Missouri; Dallas, Texas: 
Little Rock, Arkansas @ Johnson Asbestos Company, Springfield, 
Massachusetts @ Robert A. Keasbey Company, Syracuse, New 
York @ Laird Engineering Company, Charleston, West Virginia 
@ Lewers & Cooke, Ltd., Honolulu. Hawaii @ G. A. Mac Arthur 
Company, St. Paul, Minnesota @ W. A. Owen, Johnson City, Ten 
nessee @ Rhode Island Covering Company, Providence, Rhode Island 
@ Schooley & Company, Wilkes-Barre, Pennsylvania @ Sprinkmann 
Sons Corporation, Milwaukee, Wisconsin; Chicago, Illinois; Peoria, 
Illinois @ P. S. Thorsen Company of Mass., Boston, Massachusetts ¢@ 
A. F. Underhill, Inc., Cambridge, Massachusetts @ Virginia Ice 
Machine Corporation, Richmond, Virginia @ Wallace & Gale Com 
pany, Baltimore, Maryland @ Warren & Bailey Company, Los 
Angeles. California; San Francisco, California. 
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URTIS 


AIR-CONDITIONING UNITS and 


COMMERCIAL REFRIGERATION 
¥% to 15 H. P.—Aiir and Water Cooled 


The completeness of the Curtis 
line puts Curtis distributors in an 
enviable position, especially in view 
of the extraordinary popularity of 
Air Conditioning. 

Some desirable territories are still 
open for reliable distributors. 


Proven Design — Financial Stability 
81 Successful Y ears—Established 1854 





CURTIS REFRIGERATING MACHINE CO. 
CURT Division of Curtis Manufacturing Co. 
1950 Kienlen Avenue, St. Louis, Missouri, U. S. A. 











AIR WASHING NOZZLES 


ROTOJET Nozzles furnished in sizes from 44” to 2'/2” pipe con- 
nections. Nozzle with cap removed shows involute whirl chamber. 
Binks ROTOJET Clog-Proof Spray Nozzles are the first choice of 
engineers everywhere for more efficient AIR WASHING. Send 
for Bulletin 50 today. 


BINKS MANUFACTURING CO., 3106 Carroll Ave., Chicago 











-HENRY-: 


Henry Valves, Fittings and Specialties 


Dehydrator® Ss . : ° 
dra-Tectors are distinguished by their quality and 
— Filters advanced engineering. For use with 
Strainers Freon, Methyl Chloride, Ammonia 
Scale Traps and Sulphur Dioxide Refrigerating 
Tube Cutters and Air Conditioning Systems. Write 
Flaring Tools for descriptive catalog and name of 


nearest jobber. 


HENRY VALVE CO. 


1001-19 N. Spaulding Ave. 
CHICAGO, ILL. 


e Valves Sd to 


Lin 
six inch 
Relief Valves 


and Check Valves 





IT COSTS NO MORE TO USE A HENRY PRODUCT 
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automatic fuel burning devices such as oil burners and ga 
burners has demonstrated to my satisfaction repeatedly that ther: 
are no trouble calls because of insufficient hot water if th 
aquastat is placed in the average temperature zone of the tank. 
while with the top location there is no storage of hot water 
against a sudden demand, and the oil burner is operated jerkil, 
in short, heart breaking cycles hunting continually to satisfy 
rapidly fluctuating aquastat. The aquastat in the top mus! 
fluctuate due to cool water striking it whenever there is a heavy: 
withdrawal of warm water. 

It is not practical to adjust the top located aquastat so as t 
prevent this hunting by the automatic fuel burning device. How 
ever, with the center located aquastat the adjustment can bx 
arranged so that reasonable accommodation to the heat storag: 
characteristics of manually fired coal can be made..—Samvutri 
R. Lewis.* 

1This proposition was submitted to Mr. R. E. Weeks, an expert on 
hot water heaters and the Chicago representative of the Whitlock Coil 


Pipe Co., manufacturers of hot water heat transfer apparatus, who verified 


and endorsed it. 
*Consulting Engineer, Chicago, Ill., Member of Board of Consulting 
and Contributing Editors. 


Moisture Retained by Coal 


THE Epitror— 

What is the maximum percentage of moisture which will be 
held by a ton of coal?—W. O. 

Reply—The moisture which will be retained by a pile of coal 
if it is thoroughly wetted and allowed to drain will depend on 
a number of factors. The most important one is the size or 
mixture of sizes of the coal pieces; others are the kind of coal, 
as to whether some of the moisture is absorbed into the coal 
pieces or whether it all remains on the surface, the way the coal 
is piled and its ability to drain, and the period elapsing since the 
wetting. For an eastern bituminous coal immersed in water and 
allowed to drain freely, a 1x2 in. coal would retain 2 per cent 
surface moisture, and a minus 48 mesh dust 25 to 30 per cent. 
A minus 1 in. slack would retain from 7 to 8 per cent. The 
increase in moisture because of rainfall will depend on the depth 
of the pile, because most of the water will be retained near the 
surface and will evaporate more readily. Central and western 
coals contain more moisture when mined than do the eastern; 
some of this is lost by air-drying and if the coal is wetted it is 
able to absorb some of the water in addition to that which is 
retained on the surfaces.--P. NIcHOLLs.* 


*Supervising Engineer, Fuels Section, Bureau of Mines Experiment 
Station, Pittsburgh, Pa. 





Conventions and Expositions 











International Heating & Ventilating Exposition: January 
27-31, International Amphitheater, Chicago, Ill. Manager, Charles 
F. Roth, Grand Central Palace, New York, N. Y. 

American Society of Heating and Ventilating Engineers: An- 
nual meeting, January 27-31, Palmer House Hotel, Chicago, I!! 
Secretary, A. V. Hutchinson, 51 Madison Ave., New York, N. Y. 

National Warm Air Heating and Air Conditioning Associa 
tion: Winter meeting, January 27-29, Hotel Stevens, Chicago, !!! 
Managing Director, A. W. Williams, A. I. U. Bldg., Columbus 
Ohio. 

Southern Industrial Show: April 6-11, Textile Hall, Green 


ville, S. C. Wm. G. Sirrine, President. 
National Oil Burner Show: April 14-18, Convention Hall, 
Detroit, Mich. Managing Director, G. Harvey Porter, 01! 


Burner Institute, Inc., 30 Rockefeller Plaza, New York, N. \ 

Great Lakes Exposition: July-September, Exposition Hal! 
Cleveland, Ohio. General Chairman, Dudley S, Blossom, Tet 
minal Tower, Cleveland, Ohio, 
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We are splendidly equipped to supply high effi- 
ciency finned tubing in a wide range of sizes for 
all heat transfer purposes. 


CORRESPONDENCE INVITED 
THE G&O MANUFACTURING CO. 


142 Winchester Avenue - New Haven, Conn. 
Established 1915 
Manufacturers of “G & O’’ Automotive Radiators 











QUIET VARYING SPEED MOTORS 
FOR 


AIR CONDITIONING 


AND 


VENTILATING SYSTEMS 


SEE OUR EXHIBIT AT BOOTH 24! 
AT THE CHICAGO SHOW 


HOLTZER-CABOT ELECTRIC CO. 
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WATER 


is what you 


pay for 


Don't buy unknown factors too! 


When you purchase a pump you buy it for ONE purpose,— 
to supply water. Obviously you don't want it to give you 
anything but WATER. You do not care to include unwel- 
come and premature repairs or inadequate volume with your 
purchase. You want water.—AT LOWEST COST. With a 
Pomona you buy exactly what you pay for,—WATER,—the 
cleanest, purest supply,—uninterrupted service for years to 
come. 

Pomona is widely imitated but never successfully duplicated. 


Mechanical excellence and the use of highly developed ma- 
The cost of 


power is permanently less because of high sustained efficiency. 


POMONA PUMP CO. 


53 W. Jackson Blvd., Chicago © 206 E. Commercial St., Pomona, Cal. 


terials assure longer life in Pomona Pumps. 


_POMONA TURBINE PUMPS 


“te GENERALS! 


Give your heating, air-conditioning or refrig- 
eration equipment every chance to maintain 
perfect performance records by installing GEN- 
ERAL AUTOMATIC CONTROLS. For control- 
ling temperature, pressure, and flow of gas, 
oil, air, water, steam or refrigerants. 


GENERAL CONTROLS have been designed by 
engineers who have devoted years to the de- 
velopment of advanced control equipment. 
Manufactured by precision methods from proven 
non-corrosive materials. Dependable field per- 
formance is a certainty. 





SEND FOR NEW CATALOG K-15 MAGNETIC VALVE 
Full of useful engineering data ‘ full pares, current-failure, pi 
a _ lot-operated Valve capable of han 
and wiring diagrams of specific dling large capacities with mini 
applications Complete line of mum pressure drop Pilot valve 
GENERAL CONTROLS illus is hardened steel. Main valve is 
composition material particularly 
trated. A treasure of ideas for suited to fluid or gas being con 
every engineer. For a copy, please (trolled. Line pressure on top o 
_ ° . He seat insures tight shut-off. State 
addre Dept. J-15 No obliga intended use when requesting fur 
tion ther information 
1505 Broadway 1370 Harrison Street 
Cleveland, Ohio San Francisco, Calif. 





ORIGINATORS OF THE QUIET A.C. SOLENOID 
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FORGED STEEL FITTINGS 


Watson-Stillman Forged Steel Fittings were de- 
signed to meet the requirements of high pressure and 
high temperature Oil, Water, Gas, Steam and Chem- 
ical service. 





Bulletin A-3 gives prices and specifications of the 
complete line. 


Send for your copy now. 


THE WATSON-STILLMAN CO. 
140 ALDENE ROAD ROSELLE, N. J. 


Adjust Them — Lock Them — 
Forget Them 


KNOWLES NU- 
NOTCH MUSHROOM 
VENTILATORS can- 
not be tampered with— 
That’s important in 
Auditorium Ventilating 
Systems. 
The new, 
tion successfully 
mushroom heads. : 
10 recessed notches for absolute air control. Use them for 
up-draft or down-draft ventilation in School auditoriums, 
theatres or public buildings where the seats are fixed. 
Send for new booklet for complete engineering data. 


KNOWLES MUSHROOM VENTILATOR CO. 


41 North Moore Street NEW YORK, N. Y. 














special-locking key supplied with each installa- 
prevents all meddling or rattling of 





Is built into ~~ S 


DART UNION 

for every one must 
give years of efficient 
and trouble-free serv- 
ice. Bronze to Bronze 
ground joint seats 
which cannot corrode, 





malleable iron pipe 
ends and nut ‘ 
Dart Unions insure 


leak-proof joints. 








E.M. DART MFG.CO., PROVIDENCE, R. I. 


Agents: The Fairbanks Company, 
Canadian Factory: 


See 


Sales 
branches 


New York and at all 
Dart Union Company, Ltd., Toronto 


Electrimatic 


World’s Finest Valves 


Before you specify controls, write for 
our new catalogue. We manufacture a 
complete line of valves and regulators. 
All types and sizes. Precision-made 
and engineered to give continuous and 
uniform service. See these latest 
developments in control equipment. 


THE ELECTRIMATIC CORPORATION 
2100 Indiana Avenue « Chicago, U.S. A. 














VISIT OUR BOOTH NO. 707 AT THE HEATING AND VENTILATING SHOW | 








Recent Trade Literature 








For your convenience in obtaining copies 
of bulletins, see coupon on page 185. 


No. 754. AIR ELIMINATORS: Gorton Heating “Corp 
Cranford, N. J. Aluminum plate showing actual sizes of ai: 
outlets of “Gorton” equalizing valves and air eliminators { 


one and two pipe steam and vapor heating systems. 

No. 755. ALTERNATORS: 
19th St., San Francisco, Cal. 
alternators (and showing wiring) for intermittently alternating 
electrical circuits, magnetic valves, 
oil burners, etc. 

No. BEARINGS: Front St. and 
Erie Ave., Philadelpinia, Pa. “SKF'’ 
bearings can replace plain bearings on fans and blowers, giving 
types fans, shaft diameters and other designations for 86 
actual change-over Details and dimensions of fan bear- 


Enterprise Foundry Corp., 2900 


Data sheet describing electri: 


such as two pump motors, 


SKF Industries, Inc., 
8 p. booklet explaining how 


756. 


of 
iobs. 


ings are given. 


No. 757. BOILERS: American Radiator Co., 40 W. 40th 
St., New York, N. Y. 186 p. pocket size booklet giving ratings, 
dimensions and other data for “Ideal” boilers. 


No. 758. COMPRESSORS: 
Harrison, N. J. 6 p. 
duplex type single stage and two stage, belt driven or direct 
connected to motor, refrigerating compressors 
equipped with giving features of construction, 


Carbondale Machine Corp., 
bulletin describing in detail horizontal 


synchronous 
feather valves, 
etc. 
COMPRESSORS: Ingersoll-Rand Co., Phillips- 
burg, N. J. 36 p. bulletin describing power driven, horizontal 
duplex, double acting, cross-head type, moderate speed, heavy 
duty compressors in capacities ranging from 50 to 250 hp for 
single or multi-stage air or gas compression. 


No. 760. CONTROL: 
Broadway, Milwaukee, Wis. 
equipment, including thermostats ; 


dimensions, 


No. 759. 


Automatic Products Co., 121 N. 
8 p. condensed catalog of control 
expansion valves; refrigerant, 


water, oil and gas control valves; transformers, relays and other 


devices. 
No. 761. COOLING TOWERS: Research Corp., 405 Lex- 
ington Ave., New York, N. Y. Loose leaf bulletin giving detailed 


cooling towers, including numer- 
and describing 


technical information on “Coey” 
ous diagrams, cost tables, performance charts, 
the towers and their application. 


No. 762. COPPER MOLYBDENUM IRON: Republic Steel 
Corp., Centra! Alloy District, Massillon, O. 12 p. folder on 
the properties of “Toncan” iron, with condensed information on 


physical properties and physical constants of this corrosion re- 
sisting alloy iron, 

No, 763. DAMPER REGULATORS: Parker-Kalon Corp., 
200 Varick St., New York, N. Y. New price list on dial damper 
regulators, damper quadrants and damper bearings. 

No. 764. DRIVES: Worthington Pump & Machinery Corp., 
Harrison, N J. 4 p. folder on V_ belt giving width, 
thickness, pitch length, angle and list prices for this company’s 
drives, and giving serial number comparison for those of other 
manufacture. 


drives, 


No. 765. DUST COLLECTORS: Pangborn Corp., Hagers- 
town, Md. Leaflet featuring dust collecting for blast cleaning 
rooms and describing this company’s equipment briefly. 

No. 766. ELECTRIC TOOLS: Independent Pneumatic Tool 
Co., 600 W. Jackson Blvd., Chicago, Ill. Catalog of high fre- 


quency electric tools, describing attachments for electric screw 
driving and nut setting, and giving illustrations and specifications 
for the entire “Thor” line of tools. 
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Where the 


CITY WATER 


PRESSURE , 
-| 


is lower than the 




















DESIRED 
STEAM 
PRESSURE 

















For high or low pressure boilers 
. this unit pumps feed water 
against the boiler pressure . . . 


M K O returns condensate to boiler . . . 
. . » supplies make-up water as needed. 
BOILER FEED Operated electrically . . . it is 


entirely automatic in action and 
meinteins @ can be used with gas, oil, stoker 


CONSTANT or hand-fired boilers. 
WATER LEVEL Write for details and prices. 


MEARS-KANE-OFELDT 


Executive Offices and Factory 
1903 - 1915 EAST HAGERT ST., PHILADELPHIA 








automatically 


Branch Offices or Distributors in Principal Cities 
Also makers of Kane & Ofeldt Gas Steam Boilers 
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FROM CORROSION 


In them there are no two dis- 
similar metals in contact with 
each other and steam to produce 
electrolytic action which causes 
corrosion. The GRID is all-cast 
aluminum and iron radiation, and 
is the one unit heater that 
besides not corroding can 
easily be kept clean. Built 
to last indefinitely without 
maintenance. 


mapestally recom- 
mended in plants 
where lint, dust, particles in the air, 
or fumes may have previously caused 
a trouble. The G may be 
laced high above the floor yet always 
Solvers warm air to the floor and 
lower portion of the room. Raid 2 unit 
heater you should learn more about now. 


The UNIT HEATERSCOOLER Co. 


WAUSAU ~ WISCONSIN 


Offices in all principal cities. 































The quality of American-Marsh Pumps plus the 
experience of our engineering staff can help 
materially in reducing your pumping costs. We 
offer you expert knowledge gained through more 
than sixty years designing and manufacturing but 
ONE PRODUCT—PUMPS. And we build a com- 
plete line——CENTRIFUGAL, STEAM AND 
POWER DRIVEN PUMPS—modern in every way. 
You can profit by having our nearest represen- 
tative call. Or write for bulletin. 


AMERICAN STEAM PUMP COMPANY 


BATTLE CREEK, MICHIGAN 
PUMPS AND PUMPS ONLY SINCE S70 


































Leaders in the Field of 
especially designed 


Grilles and 
Registers 


For Domestic or Commercial 


AIR CONDITIONING 
INSTALLATIONS 


and also 


CEILING TYPE OUTLETS 
VOLUME CONTROL UNITS 
AIR DISTRIBUTION DEVICES 


For complete or special information write for 
latest data and catalogs 


TUTTLE & BAILEY, inc. 


NEW BRITAIN, CONN. 
Branches: Boston, New York, Chicago, Philadelphia 
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FORSLUND 


REFRIGERATION SUPPLIE 

for 

AIR CONDITIONING 
COMMERCIAL REFRIGERATION 


Manufacturers: If you are looking for 
distribulion in this territory, write us. 


FORSLUND PUMP & MACHINERY CO. 
3033 MAIN ST. KANSAS CITY, MO. 

















Telephone: Valentine 4310 
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VARIATOR 





ADSCO Variators§ are 
packless expansion joints 
of the diaphragm type for 
use in connection with 
underground Steam lines. 
The basic we has 
been in use for more than 
forty years. No manholes 
are required. 
Write for 
Our Latest Bulletin 





Multiple Diaphragm Variator illustratec. 
For all steam pressures to 400 Ibs. and 
temperatures to 750° F. 


AMERICAN JJISTRICT STEAM COMPANY 


NORTH TONAWANDA NY 


OVER FIFTY YEARS IN BUSINESS 











[= MAGIC- WEA THER? 


—™m FANS ~ 
AIR WASHERS 
ATTIC COOLING 


SCOTT BALLANTYNE CO. 


Telephone Jackson 4444 


219 North 16th St. Omaha, Neb. 


ev REMPE... 


. . « (of unsurpassed quali- 

ty) ... that assure efficient, 
uninterrupted service for years .. . that are ideal for heating, 
for cooling, and for air conditioning units. Any type of 
extended surface coils made with Aluminum Copper and 
Steel Fins on Copper and Steel Tubing . . . Expansion Valves 
. . » Pipe Bends and Pipe Coils. 
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Write for complete information and New Catalogue 


REMPE "FIN COIL" COMPANY ® 


340 North Sacramento Blvd. . . . Chicago, Illinois. 
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No. 767. EXPANSION JOINTS: /Yarnall-Waring Cu... 
Chestnut Hill, Philadelphia, Pa. 16 p. bulletin on “Yarwa; 
expansion joints, giving complete information on features of co: 
struction, list prices, and tables of pertinent information. 

No. 768. FANS: Autovent Fan & Blower Co., 1805 \ 
Kostner Ave., Chicago, Ill. 6 p. performance data and pric 
sheet covering complete line of two different types of propelle: 
fans and accessory equipment, including a fan with non-overload 
ing power characteristic feature, and accessories. 

No. 769. FITTINGS: Stanley G. Flagg & Co., Inc., 1421 
Chestnut St., Philadelphia, Pa. 163 p. catalog of malleable iro: 
cast iron, and red brass fittings, giving complete information and 
list prices on the numerous items covered. 

No. 770. GAGES: United States Gage Co., Sellersville, Pa 
Catalog sheet describing and giving list prices for pressed stee| 
or brass gages of various types. 

No. 771. INSTRUMENTS: Practical Instrument Co., 2717 
N. Ashland Ave., Chicago, Ill. Leaflet describing recording 
instruments fcr air temperature, relative humidity and electrical 
operation, with list prices and notes on applications. 

No. 772. INSULATION: Silvercote Products, Inc., 161 East 
Erie St., Chicago, Ill. 16 p. circular giving general information, 
technical data and specifications for use in the application of 
“Silvercote” insulation fabric, insulation coreboard and insulation 
board in various forms of construction, showing many detailed 
drawings. 

No. 773. NICKLE CLAD STEEL: Lukens Steel Co., Coates- 
ville, Pa. 24 p. bulletin illustrating numerous applications of 
nickle clad steel for economical corrosion resistance, and giving 
information on the properties, fabrication, sizes, weights, etc., of 
nickle clad steel. 

No. 774. OIL HEATERS: Griscom-Russell Co., 285 Madi- 
son Ave., New York, N. Y. 4 p. bulletin on storage tank oil 
heaters for heating viscous oil to be withdrawn from tanks, 
describing construction and features of the unit, and showing 
specifications and typical methods of installation. 

No. 775. PIPE JOINTS: The U. S. Stoneware Co., Akron, 
O. 4 p. circular on “Flexlock” stoneware pipe joints, describing 
features of construction and giving dimensions, etc. 

No. 776. PRESSURE REGULATORS: Mason-Neilan Regu- 
lator Co., 1190 Adams St., Boston, Mass. 40 p. catalog devoted 
to pressure regulators and control equipment, including reducing 
valves, pump pressure regulators, steam pump speed governors, 
balanced valves, hydraulic’damper regulators and strainers, giv- 
ing complete information on construction, advantages, uses, and 
including capacity tables. 

No. 777. PUMPS: Worthington Pump & Machinery Corp., 
Harrison, N. J. 4 p. bulletin on horizontal duplex piston pumps, 
valve plate style, renewable liner type, for general service handling 
liquids at pressure up to 250 Ib. 

No. 778. RADIATORS: American Radiator Co., 40 W. 40th 
St., New York, N. Y. 64 p. pocket size catalog giving ratings, 


dimensions and data on radiators of various types, as well as 
“Vento” heaters and other equipment. 


Also, 44 p. pocket size 








are you SURE 


you saw page 30? 
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catalog of “Ideal Arco” accessories, including water heaters, 
regulators and controls, valves and various other items. 

No. 779. RADIATOR VALVES: The Trane Co., La Crosse, 
Wis. 4 p. bulletin describing hermetic radiator valves and other 
items, giving detailed information on construction and list prices. 

No. 780. RELAYS: Struthers Dunn, Inc., 139 N. Juniper 
St., Philadelphia, Pa. 28 p. catalog of relays, timing devices, 
thermostats and other electrical equipment. 

No. 781. REGULATORS: Square D Co., Regulator Divi- 
sion, 6060 Rivard St., Detroit, Mich. Data sheets on pressure 
regulators with high pressure cutout for refrigeration, pressure 
and vacuum regulators and overload protection for these regu- 
lators, 

No. 782. SHEAVES: Allis-Chalmers Mfg. Co., Milwaukee, 
Wis. 16 p. bulletin giving complete information on “Duro Brace 
Texsteel” sheaves for “Texrope” drives for stock V belt drives 
15 hp, and including dimension tables, complete hp and 
distance tables and price list tables. 

783. STEEL: Inland Steel Co., First National Bank 
Chicago, Ill. 64 p. booklet entitled “Sizes We Roll,” 
complete size data on sheets, strip, bars, plates, struc- 


up to 
center 

No. 
Bldg., 
giving 
tural and semi-finished steel. 

No. 784. SPEED REDUCERS: Link-Belt Co., 2045 W. 
Hunting Park Ave., Philadelphia, Pa. 32 p. catalog on single, 
double and triple reduction herringbone-gear speed reducers for 
large speed ratios, and heavy and shock loads. 

No. 785. STEAM DISTRIBUTION EQUIPMENT: Ameri- 
can District Steam Co., North Tonawanda, N. Y. Loose leaf 
catalog containing some 130 pages of engineering, dimensional 
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FOR YOUR CONVENIENCE 
Heating, Piping and Air Conditioning, 








6 N. Michigan Ave., Chicago, Ill. 

Please ask the manufacturer to send me more informa- 
tion about the equipment mentioned under the following 
reference numbers in “Equipment Developments” and 
“Recent Trade Literature.” (Circle numbers in which you 
are interested): 

630 631 632 6338 634 635 636 637 638 
639 640 641 642 643 644 645 646 647 
754 755 756 757 758 750 760 761 762 
763 764 765 766 767 68 769 770 771 
772 773 774 775 776 177 778 779 780 
781 782 783 7R4 785 786 787 

Te cea a i ci Re 
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and price data on complete “Adsco” line of expansion joit 


its, 


meters, steam traps, pipe casing, water heaters, vapor heating 


specialties, and other steam distribution equipment. 
No. 786. TURBINES: 
N. Y. 16 p. booklet on steam turbines for mechanical drive 


General Electric Co., Schenectady, 


of 


pumps, fans, compressors, blowers, pulverizers and paper ma- 


chines, giving complete information on construction and showing 


photographs of a number of installations. 

No. 787. WELDING: The Hobart Brothers Co., Troy, 
40 p. pictorial booklet entitled “A Trip Through the M 
Modern Arc Welder Factory in the 
manufacture of this company’s “Simplified” arc welders. 








CLASSIFIED 


ADVERTISING 


8 cents for each word including heading and address. Count nine words for keyed address. 


Minimum $2.00 for each insertion. 


One inch 


$4.00. Cash must accompany order. 


Copy must be in our hands by the twenty-fifth of the month previous to issue. 








SITUATIONS WANTED 


SITUATIONS OPEN 


QO. 


ost 


World,” describing the 














ENGINEER WITH 22 YEARS 
experience in all classes of heating and 
ventilation design and installation, in- 
cluding 6 years of excellent selling and corer 
management record in air conditioning ’ 
desires responsible work in Eastern 


FOR 
RECEIVERS 
STEAM TRA! 


aH 


COPPER 








territory or South. 8 years in business 





for self as prominent consulting engi- 
neer. Thoroughly familiar with all 





matters of design, installation, selling, 
sales and dealer set-ups, market equip- 
ment. Best record and references. 
Address Key 351-A, “Heating, Piping 
and Air Conditioning,” 6 North Mich- 


igan Avenue, Chicago, IlIlinois. ane 


to National 








EXPERIENCED HEATING 

Nationally advertised line of fans, blowers, 
unit heaters, air washers, coolers, etc. 
by letter giving experience and territory covered 


West Washington Blvd., Chicago, Illinois. 


HEATING, VENTILATING 
MECHANICAL REFRIGERATION 
Price $1.00—Remit with order to 

KEENEY PUBLISHING COMPANY 
6 N. Michigan Ave., Chicago, Ill. 


MEN TO SELL 
Reply 


Blower Corporation, 543 














Greater Capacity 


because the air swirls at propeller tips 
are eliminated. Will move more air 
per fan diameter than other airplane 
fans—hence more efficient. Sizes 12 
inch to 84 inch. Write for descriptive 
and technical bulletins. 


The International Engineering 


Co. 
Dayton, Ohio 
New York, N. Y. 


INTERNATIONAL 



























Do the job More Economically 
with one of the Titusville 
Family of Firebox Type Boilers 
—the efficient solution to every 
heating problem. Write for 
Bulletin 9090-AHAC. 
















MISCELLANEOUS 
SALES ENGINEER — A PROMINENT 
SEAMLESS manufacturer of automatic control equip- 
ment has several openings for sales engineers. 
Previous University training or experience in 


air conditioning and heating and an acquaint- 
with architects and engineers is essen 


FLOATS = ggg Fe Box 256-A, care of “Heating, 
Piping and Air Conditioning.” 
Naugatuck Mfg. Co., Union City, Conn. === 
— JOHNSON'S 
MANUFACTURERS AGENTS NEW HANDY MANUAL 
on 








THE TITUSVILLE IRON WORKS COMPANY 
Division of Struthers Wells - Titusville Corporation 
TITUSVILLE. PA 
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